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To our NCS patients and to our colleagues who are interested in NCS 


Preface 


I am pleased to share my special experience of imaging diagnosis of NCP and NCS with my 
colleagues who are interested in these less explored conditions through a title of the Radiology 
Illustrated series. Following several books dealing with various organs of the body, this is the 
first title of a specific condition in the Radiology Illustrated series. NCP is a phenomenon of 
compression of the LRV between the AA and SMA, while NCS is a condition when a patient 
with NCP has symptoms or signs, most typically gross hematuria. There are so many varia- 
tions in NCP and NCS that are major contents of this book. I hope the colleagues who read this 
book may understand NCP and NCS are much more common than they have been known, the 
patterns of LRV compression and in resultant symptoms and signs are widely variable, and we 
may diagnose NCP and NCS with US, CT, and MRI. 

I was fortunate to open my K-Radiology Clinic in a kidney specialty Seoul K Clinic. Thanks 
to two nephrologists of the Seoul K Nephrology Clinic, Dr. Suhnggwon KIM and Dr. Eungtaek 
KANG, it was possible to evaluate the LRV with Doppler US during kidney US in all patients 
requested. Dr. KANG, as a nephrologist, gratefully wrote a chapter on hematuria and protein- 
uria. I also express my sincere thanks to Taewho YOON, who was with me for a few months 
as a student intern in the K-Radiology Clinic and analyzed Doppler US findings and compare 
them with clinical and laboratory findings. About half of the figures of this book were accom- 
panied by video clips that will vividly show real-time US and CT scroll images. I would like 
to thank everyone who helped me to prepare those images of this book. 

This book is the first title of the Radiology Illustrated series dealing with a specific disease 
entity. As the person who started the Radiology Illustrated series, I will be excited if I see many 
other titles of the different conditions in the Radiology Illustrated series. 

Date: January 01, 2022 


Seoul, Republic of Korea Seung Hyup KIM 
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Introduction 


Nutcracker phenomenon (NCP) and nutcracker syndrome 
(NCS) occur when the left renal vein (LRV) is compressed 
between the abdominal aorta (AA) and superior mesenteric 
artery (SMA). The name derives from the fact that, in the 
sagittal view, the AA and SMA appear to be two arms of a 
nutcracker crushing a nut, LRV. NCS is also called LRV 
entrapment syndrome. NCS is typically accompanied by 
gross hematuria caused by rupture of thin-walled veins close 
to the calyceal fornices due to LRV hypertension. However, 
microscopic hematuria or proteinuria is more common than 
gross hematuria in NCS patients. Uncommonly left flank 
pain or other rare symptoms may be accompanied. 

In 1937, anatomist Grant JCB described the position of the 
LRV between the AA and SMA and its potential compression 
between those two arteries. The first description of LRV 
entrapment between the AA and SMA was done in 1950 by 
El-Sadr AR. In 1971, Chait A described this condition using 
the term, jaws of a potential nutcracker with the AA and SMA 
as its two arms. The diagnostic term NCS was first used in 
1972 by De Schepper A, a Belgian physician. The mechanism 
of NCS is similar to the duodenal obstruction in SMA syn- 
drome, in which the third portion of the duodenum is com- 
pressed and occluded between the AA and SMA. There are 
various conditions or syndromes in our body caused by com- 
pression of large vessels by adjacent structure but NCS is the 
only condition occurring in a large vein compressed between 
two large arteries. NCP is a consequence of bipedal walking 
and is absent in four-legged mammals. Two terms, NCP and 
NCS, are different and should be used properly. NCP is just a 
phenomenon and NCS is a diagnostic term representing NCP 
accompanied by related symptoms or signs. 

The diagnosis of NCP and NCS is done primarily by 
imaging. Imaging techniques that may be used to detect NCP 
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are venography, arteriography, ultrasonography (US), com- 
puted tomography (CT), and magnetic resonance imaging 
(MRI). The definitive diagnostic criterion of NCP is the pres- 
sure gradient between the hilar portion of LRV (h-LRV) and 
the inferior vena cava (IVC) more than 3 mmHg but invasive 
catheterization into the LRV is needed to measure the pres- 
sure gradient across the aortomesentric portion of the LRV 
(am-LRV). Doppler US is the best noninvasive imaging 
modality to measure flow velocity. Normal peak flow veloc- 
ity (PFV) of the am-LRV is 40-50 cm/s, which is slightly 
higher than the normal PFV of h-LRV of 15-25 cm/s due to 
normal subtle compression of am-LRV between the AA and 
SMA. PVF of 80-100 cm/s, which is twice the normal PFV 
of am-LRV, is regarded as the Doppler criterion of NCP. A 
practical and simple criterion to use is PFV higher than 
100 cm/s at am-LRV. 

Contrast-enhanced CT (CECT) is commonly used as a 
primary imaging study for the evaluation of patients with 
hematuria. The early arterial or cortical phase CECT images 
show contrast-opacified blood flowing through the am-LRV 
into the IVC. Normal LRV has a plug flow pattern which 
means blood flows at the same speed as the flow of water in 
a simple pipe. Contrast-opacified blood, which is heavier 
than non-opacified blood, may flow normally along the 
dependent posterior margin of the LRV and IVC. If there is 
significant compression of the am-LRV, we may see a jetting 
phenomenon or flow of contrast-opacified blood along the 
non-dependent anterior margin of the LRV and IVC. We may 
suspect the presence of NCP from those two patterns of 
contrast-opacified LRV flow at CECT, jetting, or preferential 
flow of contrast-opacified blood along the non-dependent 
anterior margin. 

The prevalence of NCP and NCS is unknown but has been 
thought rare. It is probably true if we use a pressure gradient 
criterion of more than 3 mmHg measured at venous catheter- 
ization because it is uncommon to perform this invasive pro- 
cedure in patients with asymptomatic proteinuria or 
microscopic hematuria. Considering a high incidence of 
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unexplained hematuria and proteinuria and a high incidence 
of asymptomatic compression of am-LRV, we may assume 
that NCS may not be a rare entity and the prevalence may be 
higher than that has been thought generally. My experience 
of Doppler US of LRV in a nephrology clinic also supports 
the quite high prevalence of NCP and NCS. 

Microscopic hematuria and proteinuria are frequent 
sources of worry. Many of them believe that they must 
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have a malignancy in their urinary tract or serious kidney 
disease. With this misbelief, they wander about hospitals 
and repeat many unnecessary diagnostic procedures and 
consultations with different specialties. The purpose of 
this book is to increase awareness and to help the readers 
to be familiar with and help diagnose NCP and NCS in 
patients with unexplained hematuria, proteinuria, and/or 
flank pain. 
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Illustrations 


1. Basic Mechanisms of NCP 
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Fig. 1.1 A nut and a nutcracker simulating the mechanism of NCP 
with the nut representing the LRV and two arms of the nutcracker rep- 
resenting the AA and SMA 


Fig. 1.2 (A, B) Schematic 
drawings representing NCP in 
the coronal (A) and axial (B) 
planes. Arrow indicates the 
am-LRV 
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2. History of NCP and NCS 


Fig. 2.1 A photograph of Dr. Arthur M. De Schepper (1937-2013), 
Professor Emeritus, University of Antwerp, Belgium, who published a 
historical article, ‘Nutcracker phenomenon of the renal vein and venous 
pathology of the LK’ (from Parizel PM, 2013) 
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3. Doppler US and CECT Findings of NCP 


A 66-year-old man with microscopic hematuria due to NCS. (A) CDUS image of the LRV shows compression of the LRV between the 
AA (a) and SMA (s) with a bright-colored jetting phenomenon (arrowheads). (B) SDUS at the am-LRV shows PFV of 143 cm/s 
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A 17-year-old man with gross hematuria due to NCS. (A, B and SMA (s) with a jetting of the contrast-opacified blood flow (arrow- 
from KIM SH, 2019). A. CECT image of the kidneys in the axial plane heads) at the am-LRV (arrow). B. SDUS at the am-LRV shows PFV of 
shows severe compression of the am-LRV (arrow) between the AA (a) 226 cm/s 
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3 A 16-year-old man with microscopic hematuria for three 
years due to NCS. (A, B) CECT images of the kidney in the axial plane 
show compression of the LRV between the AA and SMA with a jetting 
of the contrast-opacified blood flow along the non-dependent anterior 


margin of the LRV and IVC (arrowheads). (C) CDUS image of the LRV 
shows compression of the LRV between the AA and SMA with a 
bright-colored jetting phenomenon (arrowheads). (D) SDUS at am- 
LRV shows PFV of 261 cm/s 
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4. NCP in Slender Patients 


Fig. 4.1 A 23-year-old slender woman with proteinuria due to NCS LRV shows bright-colored, high-velocity blood flow (arrowheads) from 
(height 158.2 cm, weight 50.5 kg, BMI 20.2). (A) Greyscale US image the am-LRV (arrow). a: AA, s: SMA, h:h-LRV. (C) SDUS at am-LRV 
of the LRV shows narrowing of the am-LRV (arrow) between the AA shows PFV of 260 cm/s 

(a) and SMA (s) with the dilated h-LRV (h). (B) CDUS image of the 
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Fig. 4.2 A 36-year-old slender man with proteinuria and fluctuating 
GFR due to NCS (height 176.7 cm, weight 67 kg, BMI 21.6). (A) 
Greyscale US image in the axial plane shows severe narrowing of the 
am-LRV (arrow) and dilated h-LRV (h). (B) CDUS image of the LRV 
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shows bright-colored, high-velocity blood flow at am-LRV (arrow- 
heads) and sluggish flow in the dilated h-LRV (h). (C) SDUS at the 
am-LRV shows PFV of 182 cm/s 
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5. NCP in Fatty Patients 
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Fig. 5.1 A 46-year-old fatty woman with proteinuria due to NCS narrowed LRV (arrowheads) which is stretched over the AA (a) and 
(height 166.2 cm, weight 84 kg, BMI 30.4). (A) Greyscale US image of slightly dilated h-LRV (h). (C) CDUS image of the LRV shows bright- 
the liver shows increased echogenicity of the liver due to fatty changes. colored blood flow in the LRV (arrowheads) anterior to the AA (a). (D) 
(B) Greyscale US image of the LRV in the axial plane shows diffusely | SDUS at the am-LRV shows PFV of 200 cm/s 
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3.2 A 64-year-old fatty diabetic woman with proteinuria (height 
158 cm, weight 76.6 kg, BMI 30.7). (A) Greyscale US image of the 
liver shows slightly increased echogenicity of the liver due to mild fatty 


Further Reading 


Burkholder GV, Dotin LN, Thomason B, et al. Unexplained hematuria: 
how extensive should the evaluation be? JAMA 1969;210:1729-33. 

Butros SR, Liu R, Oliveira GR, et al. Venous compression syndromes: 
clinical features, imaging findings and management. Br J Radiol. 
2013;86:20130284 

Chait A, Matasar KW, Fabian CE, et al. Vascular impressions on the 
ureters. Am J Roentgenol Radium Ther Nucl Med 1971;111:729-49. 

De Schepper A. “Nutcracker” phenomenon of the renal vein and venous 
pathology of the left kidney. J Belge Radiol. 1972;55:507-11. 

El-Sad. AR, Mina E. Anatomical and surgical aspects in the operative 
management of varicocele. Urol Cutaneous Rev. 1950;54:257-62. 

Fong JKK, Poh ACC, Tan AGS, et al. Imaging findings and clinical 
features of abdominal vascular compression syndromes. AJR Am J 
Roentgenol. 2014;203:29-36. 

Hulsberg PC, McLoney E, Partovi S, et al. Minimally invasive treat- 
ments for venous compression syndromes. Cardiovasc Diagn Ther. 
2016;6:582-92. 


1 Introduction 


changes. (B) CDUS image of the LRV shows bright-colored, high- 
velocity blood flow (arrowheads) from the am-LRV (arrow). (C) SDUS 
at the am-LRV shows PFV of 179 cm/s 
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Nutcracker Phenomenon (NCP) 
and Nutcracker Syndrome (NCS) 


Two terms NCP and NCS should not be used interchange- 
ably. NCP is just an anatomical feature of compression of 
LRV between the AA and SMA, and NCS is a clinically- 
manifest variant of NCP. When a patient with NCP has oth- 
erwise unexplainable symptoms and signs such as hematuria, 
proteinuria, and/or left flank pain, we may make a diagnosis 
of NCS. Symptoms are complex with substantial variations 
and the diagnosis is difficult and often delayed. The spec- 
trum of symptoms includes lumbar pain, pelvic or perineal 
pain, dyspareunia, bladder symptoms, headache, and stuffy 
nose. Also, various symptoms and signs of orthostatic distur- 
bance or intolerance such as tachycardia, chronic fatigue, 
headache, abdominal pain, or fainting may be accompanied. 

Glomerular filtration rate (GFR) and amount of protein- 
uria may fluctuate between the daytime and night. These 
fluctuations of GFR and proteinuria are probably related to 
the difference in the severity of LRV compression during 
the daytime and when sleeping at night. Hypertension may 
be another symptom of NCS. NCS patients with hyperten- 
sion may have elevated renin and angiotensin levels in the 
blood. LRV hypertension causes elevated interstitial pres- 
sure of the LK within the confined space limited by a tight 
capsule, and then intrarenal blood flow and GFR may be 
reduced. The resultant reduction of sodium delivery to the 
macula densa triggers renin secretion from the juxtaglomer- 
ular cells and activates the renin-angiotensin system causing 
hypertension. There have been articles showing these 
changes of intrarenal blood flow using Doppler US and CT 
(Zhong J, 2013). 

Most of these symptoms may be related to the developing 
collateral vessels to alleviate LRV hypertension. All avail- 
able collateral channels crossing the midline may be used to 
decrease the pressure gradient between the h-LRV and 
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IVC. These fine collateral vessels crossing the midline may 
cause various symptoms associated with varicosities, con- 
gestion, and associated inflammation. Scolbach T proposed a 
name, midline congestion syndrome, to explain those vari- 
ous symptoms associated with NCS. 

If NCP was found in a patient with hematuria but a renal 
stone was also found in this patient, then the diagnosis of this 
patient is not NCS but we should call this case NCP with a 
renal stone. In this patient, the origin of hematuria may be 
either NCP or a renal stone or both. Similarly, if NCP was 
found in a proteinuric patient with renal parenchymal disease 
and this condition is not called NCS but is called NCP 
because proteinuria of this patient may be caused by coexist- 
ing renal parenchymal disease. 

Pathophysiology of NCP and NCS is not fully identified. 
There are various hypotheses for LRV compression and 
examples are dorsolateral ptosis of LK, abnormal high course 
of LRV, the abnormal low or lateral origin of SMA, and 
abnormal configuration of SMA origin (Hohenfeller M, 
1991). NCP is common in young, slender, otherwise healthy 
individuals. These patients have a scanty amount of retro- 
peritoneal fat and a narrow angle between the AA and 
SMA. These patients often have a prominent lumbar lordotic 
curve and the right kidney of these patients often shows 
increased movability with respiration. However, NCP and 
NCS may be found in non-slender and rather fatty individu- 
als as well. There were articles reporting aggravation of NCS 
during pregnancy. 

NCP may occur not because of compression of am-LRV 
but because of the large amount of blood flow through the 
LRV. Examples of this condition are hypervascular renal 
tumor or a large arteriovenous fistula or malformation of the 
LK that cause LRV dilatation. 
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Illustrations 
1. Differences Between NCP and NCS, Diagram 


NCS 


Hematuria 


Proteinuria 


~ A~e 


Left flank pain or 
other symptoms 


Fig. 1.1 A diagram showing the difference between NCP and 
NCS. NCP is just a phenomenon of significant compression of the LRV 
between the AA and SMA while it is called NCS when NCP is accom- 
panied by symptoms or signs such as hematuria, proteinuria, left flank 
pain, or other related symptoms 
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2. NCS with Hematuria, Proteinuria, or Both 


Fig. 2.1 A 39-year-old woman with gross hematuria due to NCS. (A) __ bright-colored, high-velocity blood flow (arrowheads) from the am- 
Greyscale US image in the axial plane shows narrowing of the am-LRV LRV (arrow). a: AA, s: SMA, h: h-LRV. (C) SDUS at the am-LRV 
(arrow) and the dilated h-LRV (h). (B) CDUS image of the LRV shows shows PFV of 138 cm/s 


14 2 Nutcracker Phenomenon (NCP) and Nutcracker Syndrome (NCS) 


NINI 


+ Vel -215 cm/s T 


Fig.2.2 A 49-year-old man with gross hematuria and proteinuria due the LRV shows bright-colored, high-velocity blood flow (arrowheads) 
to NCS. (A) Greyscale US image in the axial plane shows narrowing from the am-LRV (arrow). (C) SDUS at the am-LRV shows PFV of 
of the am-LRV (arrow) and dilated h-LRV (h). (B) CDUS image of 215 cm/s 
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Fig. 2.3 A 56-year-old woman with microscopic hematuria for 10 
years due to NCS. (A) CECT image of the kidneys in the axial plane 
shows compression of the am-LRV (arrow) and a jetting of the contrast- 
opacified blood flow (arrowhead). (B) Greyscale US image shows nar- 
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rowed am-LRV (arrow). (C) CDUS image of the LRV shows 
bright-colored blood flow (arrowheads) through the narrowed am-LRV 
(arrow). (D) SDUS at the am-LRV shows a PFV of 106 cm/s 
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Fig. 2.4 A 62-year-old woman with microscopic hematuria due to bright-colored blood flow (arrowheads) from the site where it is com- 
NCS. (A) Greyscale US image shows compression of the LRV by the pressed by the RRA (open arrow). a: AA. (C) SDUS at the am-LRV 
origin of the RRA (open arrow). (B) CDUS image of the LRV shows shows a PFV of 148 cm/s 
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Fig. 2.5 A 32-year-old woman with proteinuria due to NCS. (A) the LRV shows bright-colored blood flow (arrowheads) from the am- 
Greyscale US image shows dilated h-LRV (h) and compression of the LRV (arrow). a: AA. s: SMA. (C) SDUS at the am-LRV shows a PFV 
am-LRV (arrow) between the AA (a) and SMA (s). (B) CDUS image of of 172 cm/s 


18 2 Nutcracker Phenomenon (NCP) and Nutcracker Syndrome (NCS) 


3. NCS with Left Flank Pain 


Fig. 3.1 A 25-year-old woman with left flank pain due to NCS. This between the AA and SMA. (B) CDUS image of the LRV shows bright- 
patient also had microscopic hematuria or proteinuria due to NCS. (A) colored blood flow (arrowheads) of the am-LRV (arrow). (C) SDUS at 
Greyscale US image shows compression of the am-LRV (arrow) the am-LRV shows a PFV of 214 cm/s 
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Fig. 3.2 A 62-year-old woman with left flank pain and bladder symp- 
toms due to NCS. This patient did not have hematuria or proteinuria. 
Because she had neck pain, she used to sleep flat supine. She changed 
sleeping posture to a left-side down semi-prone posture holding a long 
pillow with arms and legs. After one week, her left flank pain and blad- 
der symptoms disappeared. (A) Greyscale US image shows compres- 
sion of the LRV by the RRA (open arrow). Also note the am-LRV is 
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slightly compressed (arrow) between the AA and SMA. (B) CDUS 
image of the LRV shows bright-colored blood flow (arrowheads) from 
the site where it is compressed by the RRA (open arrow). a: AA, s: 
SMA. (C) SDUS at the am-LRV shows a PFV of 137 cm/s. (D) CECT 
image of the kidneys in the axial plane shows compression of the LRV 
by the RRA (open arrow). Also note the am-LRV (arrow) is slightly 
compressed between the AA and SMA 
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4. NCS with Other Symptoms or Signs 


Fig. 4.1 A 7-year-old boy with periumbilical pain due to NCS. (A) _ bright-colored, high-velocity blood flow (arrowheads) through the nar- 
Greyscale US image in the axial plane shows narrowing of the am-LRV row am-LRV (arrow). (C) SDUS at the am-LRV shows a PFV of 
(arrow) and dilated h-LRV (h). (B) CDUS image of the LRV shows 149 cm/s 
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A 29-year-old man with proteinuria due to NCS. He also had AA. (B) CDUS image of the LRV shows bright-colored, high-velocity 
fluctuating GFR that may be due to NCS. (A) Greyscale US image in blood flow (arrowheads) through the narrowed am-LRV. a: AA, s: 
the axial plane shows the narrowing of the am-LRV (arrow) between SMA, h: h-LRV. (C) SDUS at the am-LRV shows a PFV of 100 cm/s 
the AA and SMA. Also, the LRV appears slightly stretched over the 
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A 26-year-old man with hypertension showed NCP findings at (arrowheads) through the narrow am-LRV (arrow). a: AA, s: SMA, h: 
Doppler US. There was no evidence of renal artery stenosis. (A) CDUS h-LRV. (B) SDUS at the am-LRV shows a PFV of 167 cm/s 
image of the LRV shows bright-colored, high-velocity blood flow 
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Fig. 4.4 A 33-year-old woman with hypertension, proteinuria, and narrowing of the am-LRV (arrow) and jetting of the contrast-opacified 
microscopic hematuria due to NCS. She had high level of renin and flow along the non-dependent anterior margin of the LRV and IVC 
aldosterone. CECT showed no evidence of renal artery stenosis or adre- (arrowheads) 

nal mass but there were findings of NCP. (A, B) CECT images show 
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5. NCP Without any Symptoms or Signs 


Fig.5.1 A 55-year-old man with NCP without any symptoms or signs. velocity blood flow (arrowheads) from the point where the LRV is com- 
(A) Greyscale US image in the axial plane shows wide space between pressed posteriorly by the RRA (open arrow). a: AA, s: SMA. (C) 
the AA (a) and SMA (s) but the LRV is compressed by the RRA (open SDUS at the am-LRV shows a PFV of 178 cm/s 

arrow). (B) CDUS image of the LRV shows bright-colored, high- 
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Fig. 5.2 A 69-year-old woman with NCP without any symptoms or 
signs. (A) Greyscale US image in the axial plane shows narrowing of 
the LRV between the SMA (arrow) and RRA (open arrow). (B) CDUS 
image of the LRV shows bright-colored, high-velocity blood flow 
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(arrowheads) from the point where the LRV is compressed between the 
SMA (arrow) and RRA (open arrow). (C) SDUS at the am-LRV shows 
a PFV of 178 cm/s 
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6. NCP with Hematuria or Proteinuria But from Other Causes 


Fig. 6.1 A 68-year-old hypertensive woman with proteinuria. She had 
IgA nephropathy which was diagnosed at kidney biopsy 18 years ear- 
lier. She was found to have NCP and her proteinuria may be caused 
either by IgA nephropathy or NCP. (A, B) Greyscale US images of the 
RK (A) and LK (B) in the longitudinal plane show diffusely increased 
renal cortical echogenicity and preserved corticomedullary contrast. 


There was a simple cortical cyst (arrow) in the LK. (C) Greyscale US 
image shows compression of the am-LRV (arrow) between the AA (a) 
and SMA (s). (D) CDUS image of the LRV shows bright-colored, high- 
velocity blood flow (arrowheads) from the narrowed am-LRV. (E) 
SDUS at the am-LRV shows a PFV of 138 cm/s 
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Fig. 6.2 A 63-year-old diabetic man with proteinuria. He had a history 
of diabetes mellitus for 20 years. He was found to have NCP, and his 
proteinuria may be caused either by the diabetic nephropathy or NCP. 
(A, B) Greyscale US images of the RK (A) and LK (B) in the longitu- 
dinal plane show normal-appearing kidneys. (C, D) SDUS of the intra- 
renal arteries of the RK (C) and LK (D) show elevated resistive index 
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+ PSV 26.1 cms 
EDV 6.04 cm/s 
RI 0.77 


(0.75 for RK and 0.77 for LK) suggesting diabetic nephropathy. (E) 
Greyscale US image shows narrowed am-LRV (arrow) having an 
appearance of both characteristics, compression between the AA and 
SMA and stretching over the AA. (F) CDUS image of the LRV shows 
bright-colored high-velocity blood flow of the am-LRV (arrow). (G) 
SDUS at the am-LRV shows a PFV of 145 cm/s 


Illustrations 


hoo fee el Sat ee 
36mm/s 


Fig. 6.3 A 72-year-old man with microscopic hematuria and protein- 
uria. He was found to have a renal stone and NCP. His microscopic 
hematuria may be caused either by NCP or renal stone, but his protein- 
uria is probably due to NCP. (A) Greyscale US image of the RK shows 
a renal stone (arrow) with posterior acoustic shadowing. (B) CDUS of 
the RK shows a strong twinkling artifact (arrows) posterior to the stone. 
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(C) Greyscale US image of the LRV shows compression of the am-LRV 
(arrow) between the AA and SMA. (D) CDUS image of the LRV shows 
bright-colored blood flow (arrowheads) from the am-LRV. Note absent 
flow signals in the h-LRV (h) indicating sluggish flow. (E) SDUS at the 
am-LRV shows a PFV of 144 cm/s 
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4 A 26-year-old woman with microscopic hematuria. She was 
found to have NCP but also had papillary calcifications. Her micro- 
scopic hematuria may be caused either by NCP or papillary calcifica- 
tions. (A) NECT image of the kidneys shows small papillary 
calcifications (arrows) in the both kidneys. (B) CECT of the kidneys 
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shows the am-LRV (arrow) compressed between the AA and SMA. (C) 
Greyscale US shows dilated h-LRV (h) and compression of the am- 
LRV (arrow) between the AA (a) and SMA (s). (D) CDUS shows 
bright-colored, high-velocity flow signals (arrowhead) from the am- 
LRV (arrow). (E) SDUS of the LRV shows a PFV of 170 cm/s 
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Fig. 6.5 A 64-year-old woman with lupus nephritis that had been well 
controlled. Recently, she had microscopic hematuria and proteinuria 
and she was found to have NCP. She was managed conservatively but 
her hematuria and proteinuria did not progress. Therefore, her hematu- 
ria and proteinuria were more likely due to NCS than due to recurrence 


of the lupus nephritis. (A) Greyscale US shows the LRV compressed 
(arrow) between the AA (a) and SMA (s). (B) CDUS shows bright- 
colored, high-velocity flow signals (arrowheads). a: AA. (C) SDUS 
shows a PFV of 155 cm/s 
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7. NCP due to Hypervascular Renal Tumor of the LK 


Fig. 7.1 A 55-year-old woman with a renal cell carcinoma of the clear The LRV is compressed (arrow) between the AA and SMA. Note a jet- 
cell type of the LK causing NCP. (A, B) CECT images show a large ting of the contrast-opacified blood (arrowhead) through the am-LRV 
mass in the LK with strong heterogeneous enhancement (open arrows). 


Fig. 7.2 A 58-year-old man with a renal cell carcinoma of the clear arrows). The LRV is compressed (arrow) between the AA and 
cell type of the LK causing NCP. (A, B) CECT images show a large SMA. Note the preferential flow of the contrast-opacified blood along 
mass in the LK with heterogeneous contrast enhancement (open the nondependent anterior margin of the LRV and IVC (arrowheads) 


Fig. 7.3 A 65-year-old woman with renal cell carcinoma with exten- tortuous dilated LRV (arrows) causing NCP. Note flow of the contrast- 
sive arteriovenous shunting causing NCP. She had hematuria and pro- opacified flow along the non-dependent anterior margin of the IVC 
teinuria. (A, B) CECT images show a renal tumor (open arrows) and (arrowheads) 
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8. NCP Due to Arteriovenous Malformation of the LK 


-1 A 44-year-old man with a large renal arteriovenous malforma- with a jetting of the contrast-opacified blood (arrowhead). (C) 
tion of the LK causing NCP. (A, B) CECT images show entangled tor- Aortography shows extensive arteriovenous malformations (open 
tuous vessels of arteriovenous malformation (open arrows) in the LK arrows) of the LK and early opacified large h-LRV (h) 

causing dilated h-LRV (h). LRV is stretched (arrow) over the AA (a) 
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Prevalence of NCP and NCS 


The incidence of NCP and NCS is unknown and there have 
been no accurate figures on the prevalence of these condi- 
tions. Generally, NCS has been thought rare but probably 
overlooked and underreported. In the United States, NCS is 
registered as a rare disease in the GARD (genetic and rare 
disease) information center of the National Institute of 
Health and the Orphanet site, a portal for rare disease and 
orphan drugs. In the website of the GARD information cen- 
ter, it is mentioned that the exact prevalence of renal nut- 
cracker syndrome is unknown partly because there have been 
no standard diagnostic criteria, and partly because symptoms 
can vary among people with the condition. 

I believe the most important reason for the known rarity 
of NCS is related to its diagnostic criterion. A definitive 
diagnostic criterion of NCS is a pressure gradient across the 
am-LRV more than 3 mmHg. An invasive LRV catheteriza- 
tion is necessary to measure this pressure gradient. In patients 
with incidentally detected asymptomatic microscopic hema- 
turia or proteinuria, which is more common than gross hema- 
turia in NCS patients, it is not usual to proceed to this invasive 
catheterization and manometry even if NCS is suspected. 
Another important reason for this rarity of NCS is insuffi- 
cient information and experience for the less invasive diag- 
nostic imaging techniques such as Doppler US and CT to 
detect NCP. 

The incidence of microscopic hematuria and proteinuria 
varies widely in the literature and it has been reported quite 
high in various health screening programs. Examples are 
4.1% incidence of microscopic hematuria in a student 
health screening (Vehaskari 1979), and 1.2—21.1% inci- 
dence of microscopic hematuria, and 0.4-4.9% incidence 
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of proteinuria in adult screening programs (Yamagata 
2002). The incidence of microscopic hematuria was 5% in 
men and 17% in women in data of the health screening cen- 
ter of Seoul National University Hospital (2007 data pro- 
vided by Huh NJ). 

There have been articles reporting indirect evidence from 
which we may have a rough estimate of the prevalence of 
NCP and NCS. Articles reported the high prevalence of 
dilated h-LRV bigger than 50% of am-LRV in diameter, 
51.3% (20/39) in one article (Zerin 1991) and 73.6% (53/72) 
in the other (Buschi 1980). They called this finding a normal 
variant. Also, articles were reporting a 6-10% incidence of 
idiopathic LRV varix in venographic studies (Beckman 
1982). If we consider the high prevalence of microscopic 
hematuria and proteinuria in health screening programs 
together with the high prevalence of asymptomatic dilatation 
and varices of h-LRV, we may think that prevalence of NCP 
and NCS may be also high. 

If we consider variable patterns of NCP and the wide 
spectrum of symptoms and signs of NCS, we may think 
that they are not fixed conditions with clear-cut criteria but 
conditions in continuous spectra. A PFV of 100 cm/s at am- 
LRV is a simple and practical Doppler US criterion for a 
diagnosis of NCP but we do not need to stick too much to 
this single criterion of 100 cm/s. If a patient with am-LRV 
PFV of 90 cm/s has otherwise unexplainable hematuria or 
proteinuria, we may consider this patient probably to have 
NCS. Again, it is important to understand that NCP and 
NCS are not fixed conditions but conditions within large 
spectra. 
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Recently, we reported a high prevalence of NCP and 
NCS in a nephrology-uroradiology clinic where I am 
working. LRV was evaluated in consecutive 1223 patients 
who underwent renal Doppler US examinations. Among 
those 1223 patients, approximately 30% (372 patients) 
were found to have NCP, and approximately 50% (184 
patients) of those 372 cases with NCP may be diagnosed 
as NCS (KIM SH, Presented in 2020 KSUM annual con- 
gress). There was an article reporting a 16% incidence of 
NCP in children and adolescents examined with Doppler 
US with a criterion of 100 cm/s PFV (Scholbach 2007). In 
an article reporting the prevalence of NCP at CT deter- 
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mined by more than 50% stenosis of am-LRV compared 
with h-LRV was 27% in another article (Grimm 2013). 
These high prevalence of NCP at US and CT in those arti- 
cles are consistent with our data of 30% prevalence of 
NCP detected with Doppler. 

Another important issue is that there are no established 
guidelines for diagnostic workup of the patients with asymp- 
tomatic microscopic hematuria or proteinuria found inciden- 
tally at healthcare screening programs. If we consider the 
high prevalence of NCP and NCS, I believe we need to 
include Doppler US of LRV to detect NCP in the early part 
of the workup algorithm of those patients. 
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1. NCS Registered at NIH GARD and Orphanet Sites 
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Fig. 1.1 Screenshot image of the website of the GARD (Genetic and absent) among people with the condition. It is also mentioned that while 
Rare Diseases) Information Center of the NIH where NCS is registered it has been described as “rare” in the medical literature, some have sug- 
as a rare disease. It is mentioned that the exact prevalence of renal nut- gested its incidence is likely underestimated. (https://rarediseases.info. 
cracker syndrome is unknown partly because there have been no stan- _nih.gov/diseases/11971/renal-nutcracker-syndrome) 

dard diagnostic criteria, and partly because symptoms can vary (or be 
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Disease definition 


Arare, syndromic renal disease characterized by the entrapment of left renal vein (LRV) between the superior 


mesenteric artery (SMA) and the abdominal aorta, resulting in increased luminal pressure, renal hilar varices, 
hematuria and, at the microscopic level, rupture of thin-walled veins into the collecting system in renal fornices. 
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Fig. 1.2 Screenshot image of the website of the Orphanet where NCS is registered as a rare disease. (https://www.orpha.net/consor/cgi-bin/OC_ 
Exp.php?Lng=GB&Expert=7 1273) 
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2. Prevalence of NCP and NCS in K-Radiology Clinic 


(Presented in 2020 KSUM Annual Congress) 
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Fig. 2.1 Prevalence of NCP and NCS presented in 2020 annual con- 
gress of the Korean Society of Ultrasound in Medicine. (https://2020. 
ksum.or.kr/file/KSUM_2020_Program_Abstract_Book.pdf, page 228). 
(A) Among the 1223 patients examined with Doppler US, approxi- 
mately 30% (372 patients, 30.4%) were found to have NCP and approx- 
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imately 50% (184 patients, 49.5%) of those 372 cases with NCP may be 
diagnosed as NCS. (B) The prevalence of NCP and NCS was higher in 
women than in men (34% vs 26% in NCP and 55% vs 42% in NCS 
prevalence among NCP cases) 
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Fig. 2.2 A 28-year-old woman with a history of proteinuria for 20 bright-colored blood flow (arrowheads) from the point where it is com- 
years. Because there were no causes for the proteinuria other than NCP, pressed between the AA (a) and SMA (s). (C) SDUS at the am-LRV 
this patient was diagnosed as NCS. (A) Greyscale US image shows nar- shows a PFV of 147 cm/s. (D) A diagram showing where (arrow) this 
rowing of the am-LRV (arrow). (B) CDUS image of the LRV shows patient belongs to 
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Fig. 2.3 A 60-year-old woman with intermittent left flank pain. the LRV shows bright-colored blood flow (arrowheads) from the point 
Because there were no causes for the left flank pain other than NCP, this where it is compressed between the AA (a) and SMA (s). h: h-LRV. (C) 
patient was diagnosed as NCS. (A) Greyscale US image shows dilated SDUS at the am-LRV shows a PFV of 220 cm/s. (D) A diagram show- 
h-LRV (h) and narrowing of the am-LRV (arrow). (B) CDUS image of ing where (arrow) this patient belongs to 
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Fig. 2.4 A 56-year-old woman with microscopic hematuria and pro- CDUS image of the LRV shows bright-colored blood flow (arrow- 
teinuria. Because there were no causes for microscopic hematuria and heads) from the point where it is compressed by the RRA (open arrow). 
proteinuria other than NCP, this patient was diagnosed as NCS. (A) (C) SDUS at the am-LRV shows a PFV of 118 cm/s. (D) A diagram 
Greyscale US image shows the LRV compressed posteriorly by the showing where (arrow) this patient belongs to 

RRA (open arrow). Note SMA (s) does not compress the LRV. (B) 
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Fig.2.5 A 49-year-old woman with NCP. This patient did not have any stretched over the AA (a). (C) SDUS at the am-LRV with the patient 
signs or symptoms related to NCP. (A) Greyscale US image shows the keeping quiet breathing shows a PFV between 100 and 200 cm/s. A 
LRV stretched (arrow) over the AA (a). (B) CDUS image of the LRV measured a PFV was 178 cm/s. (D) A diagram showing where (arrow) 
shows bright-colored blood flow (arrowhead) from the point where itis this patient belongs to 
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Left Renal Vein (LRV) 


The embryogenesis of IVC is a complex process. It starts 
from the paired posterior or caudal cardinal veins in the 
fourth week of embryogenesis, and it is formed by appear- 
ance, persistence, fusion, and disappearance of subsequent 
subcardinal and supracardinal veins. In the fifth week, sub- 
cardinal veins develop anterior and medial to the posterior 
cardinal veins and drain developing mesonephros. There are 
multiple anastomotic channels between posterior cardinal 
veins and subcardinal veins. In the sixth week, supracardinal 
veins develop posteriorly between the posterior cardinal 
veins and subcardinal veins and drain the body wall through 
intercostal veins. IVC is formed between the sixth and eighth 
week of gestation. Normally suprarenal IVC is formed from 
the right subcardinal vein and infrarenal IVC is from the 
right supracardinal vein. LRV is formed from the inter- 
subcardinal anastomosis. 

A left renal venous ring is normally present in the eighth- 
week embryo, but later the retroaortic segment of the venous 
ring becomes obliterated leaving a single left preaortic renal 
vein as the normal LRV. The persistence of this venous ring 
draining the LK results in circumaortic LRV. If the retroaor- 
tic segment of the venous ring persists and the normal preaor- 
tic segment is obliterated, then the resultant anomaly is 
called retroaortic LRV. 

Normal LRV runs between AA and SMA and is slightly 
compressed by those two arteries. In our body, probably 
LRV is the only large visceral vein that runs between two 
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large arteries like a nut in a nutcracker. Therefore, normal 
am-LRV is slightly compressed and flattened between AA 
and SMA. Blood flow through the narrowed vessel becomes 
faster. Normal PFV of h-LRV is 15-25 cm/s and 40-50 cm/s 
in am-LRV. This difference of PFVs at h-LRV and am-LRV 
is due to normal subtle compression of am-LRV between 
two arteries. In the prevalence chapter (Chap. 3), I mentioned 
the articles reporting the high prevalence asymptomatic 
compression of the am-LRV with dilated h-LRV more than 
50% bigger than am-LRV. If the diameter of h-LRV is 50% 
bigger than that of am-LRV, theoretically PFV at am-LRV is 
2.25 times faster than PFV of h-LRV and this difference is 
consistent with normal PFV of 15-25 cm/s at h-LRV and 
40-50 cm/s at am-LRV. If the diameter of am-LRV is half or 
one-third of the diameter of h-LRV, theoretical PFVs at am- 
LRV will be four and nine times the PFV of the h-LRV, 
respectively. However, it is difficult to use diameter ratios for 
the diagnosis of NCP because the diameter of am-LRV is 
changing significantly according to the pulsation of the AA 
and SMA. Also, it is difficult to avoid measurement error 
because the diameter of am-LRV is very small, just a few 
millimeters. 

The third portion of the duodenum also located in the 
space between AA and SMA usually caudal to the LRV but 
it may lie posterior to the LRV. The duodenum should not be 
confused with the thrombosed LRV, especially in case of ret- 
roaortic LRV. 
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Illustrations 


1. Development of LRV and IVC 
| 
I 


Fig. 1.1 Schematic drawings showing embryogenesis of the IVC and 
LRV. (A, B) It starts from the paired posterior cardinal veins (yellow) in 
the fourth week of embryogenesis, and it is formed by appearance, per- 
sistence, fusion, and disappearance of the subsequent subcardinal 
(pink) and supracardinal (blue) veins. In the fifth week, the subcardinal 
veins develop anterior and medial to the posterior cardinal veins and 
drain developing mesonephros. There are multiple anastomotic chan- 
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nels between the posterior cardinal veins and subcardinal veins. In the 
sixth week, the supracardinal veins develop posteriorly between the 
posterior cardinal veins and subcardinal veins and drain the body wall 
through intercostal veins. (C) Suprarenal IVC is formed from the right 
subcardinal vein while infrarenal IVC is from the right supracardinal 
vein. The LRV is formed from the inter-subcardinal anastomosis 
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Fig. 1.2 Schematic drawings explaining the circumaortic and retroaor- mal LRV. The persistence of this venous ring draining the LK results in 
tic LRVs. (A) A left renal venous ring is normally present in the eighth- the circumaortic LRV. (B) If the retroaortic segment of the venous ring 
week embryo, but later the retroaortic segment of the venous ring persists and the normal preaortic segment is obliterated, then the resul- 
becomes obliterated leaving a single left preaortic renal vein as the nor- tant anomaly is called the retroaortic LRV 
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2. Various Flow Patterns of LRV 


t3em 


hie yh D; ib. Bhs bei ie, 


Fig. 2.1 A 77-year-old man with proteinuria had NCP. (A) Greyscale h-LRV and prominent collateral vessels (arrows) in the LK hilar area. 
US image in the axial plane shows the LRV coursing between the AA (C) SDUS at the am-LRV shows a PFV of 67.1 cm/s. This patient does 
and SMA. Note the am-LRV (arrow) is narrower than the h-LRV (h). not have any causes for his proteinuria but the PFV of the LRV did not 
(B) CDUS image of the LRV shows laminar flow in the am-LRV. Note meet the 100 cm/s criteria. Therefore, we cannot make a diagnosis of 
the color of the flow (arrowhead) distal to the am-LRV is brighter than NCS in this patient, but probably his proteinuria was due to NCP and 
the flow in the proximal h-LRV (h). Also note stagnant flow in the the PFV is not high due to the collateral vessels 
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Fig. 2.2 An 81-year-old man with microscopic hematuria and protein- image of the LRV shows bright-colored flow (arrowheads) through the 
uria possibly due to NCS. This patient did not have any other causes for LRV and IVC. (C) SDUS shows a PFV of 64 cm/s, which is below the 
the hematuria and proteinuria. (A) Greyscale US image of the LRV 100 cm/s criterion, but the flow pattern is quite pulsatile 

shows mild stretching (arrow) of the LRV over the AA (a). (B) CDUS 
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Fig. 2.3 A 34-year-old woman with microscopic hematuria. CDUS 
findings depend significantly on the velocity scale. (A) CDUS image of 
the LRV with a narrow velocity range (—10.8 cm/s to +10.8 cm/s) 
shows a bright-colored jetting-like phenomenon (arrowheads) in the 
center of the flow stream. (B) CDUS image of the LRV with a wider 
velocity range (—30.8 cm/s to +30.8 cm/s) shows relatively homoge- 
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neous color of the flow. Note thin linear brighter blue color along the 
center of the flow (arrowheads). (C) SDUS at the am-LRV shows a PFV 
of 64.8 cm/s which is much lower than the 100 cm/s criterion for 
NCP. Therefore, CDUS findings should be evaluated together with 
SDUS results to avoid a false positive diagnosis of NCP 
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Fig. 2.4 A 63-year-old man with microscopic hematuria due to 
NCS. CDUS and SDUS findings vary according to the respiration state. 
(A, B) CDUS images of the LRV in inspiration (A) and expiration (B) 
states show different colors of the LRV flow (arrowheads). Note color 
of the flow in expiration (B) is brighter than that in inspiration (A). 
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(C)-(E) SDUS findings were obtained with the patient holding his 
breath in inspiration end (C), in expiration end (D), and during quiet 
respiration (E). Note PFVs were 70.5 cm/s at inspiration end, and 
105 cm/s at expiration end. The PFV is changing during respiration 
with the maximal value of 140 cm/s 
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Fig. 2.5 A 61-year-old man without any symptoms or signs related to 
NCP. SDUS findings vary according to the respiration state. (A) 
Greyscale US image shows the LRV compressed between SMA (s) and 
RRA (open arrow). (B) CDUS images of the LRV show bright-colored 
flow (arrowheads) from the site where the LRV is compressed by the 
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RRA (open arrow). (C) SDUS findings obtained with the patient hold- 
ing his breath in inspiration end shows a PFV of 122 cm/s. (D) SDUS 
findings obtained with the patient keeping quiet respiration shows 
changing spectra with the maximal PFV value of 154 cm/s 
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Fig. 2.6 A 44-year-old man without any symptoms or signs showed image of the LRV shows bright-colored high-velocity flow (arrow- 
equivocal NCP findings. (A) Greyscale US image in the axial plane heads) from the point where it is compressed by the RRA (open arrow). 
shows the LRV compressed by the RRA (open arrow). (B) CDUS (C) SDUS shows a PFV of 102 cm/s 
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3. Congenital Variations of LRV and IVC 


Fig. 3.1 A 62-year-old man with the retroaortic LRV without  preaortic renal vein as the normal LRV. If the retroaortic segment of the 
NCP. Right nephrectomy was done for renal cell carcinoma. (A) venous ring persists and the normal preaortic segment is obliterated, 
Schematic drawing of the retroaortic LRV. Left renal venous ring is then the resultant anomaly is called the retroaortic LRV. (B) CECT 
normally present in the eighth-week embryo, but later the retroaortic image shows a retroaortic LRV (arrow) between the AA (a) and verte- 
segment of the venous ring becomes obliterated leaving a single left bra without significant compression 
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Fig. 3.2 A 25-year-old man with the retroaortic LRV and posterior pressed between the AA (a) and vertebra causing NCP. (B) SDUS of the 
NCP. (A) CECT image of the kidneys shows hypoplastic RK. LK is _ retroaortic LRV shows a PFV of 129 cm/s 
dominant and has a retroaortic LRV (arrow) which is severely com- 
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Fig. 3.3 A 63-year-old woman with microscopic hematuria due to 
NCS associated with a circumaortic LRV. (A) Schematic drawing of the 
circumaortic LRV. A left renal venous ring is normally present in the 
eighth-week embryo, but later the retroaortic segment of the venous 
ring becomes obliterated leaving a single left preaortic renal vein as the 
normal LRV. The persistence of this venous ring draining the LK results 
in the circumaortic LRV. (B)-(D) Greyscale US (B), CDUS (C), and 
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SDUS (D) images show the upper preaortic segment (arrowheads) of 
the circumaortic LRV coursing between the AA (a) and SMA (s) with 
NCP. The PFV at SDUS was 106 cm/s. (E)-(G) Greyscale US (E), 
CDUS (F), and SDUS (G) images at a lower level show the retroaortic 
arm (arrowheads) of the circumaortic LRV between the AA (a) and ver- 
tebra (asterisk). The PFV at SDUS was 65.4 cm/s 
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Fig. 3.4 An 18-year-old man with gross hematuria due to NCS associ- 
ated with left-sided IVC. (A) Schematic drawing of the left-sided 
IVC. Normally, the infrarenal IVC is formed from the right supracardi- 
nal vein but the left-sided IVC occurs if this portion of IVC is formed 
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from the left supracardinal vein. (B) CECT image reconstructed in the 
coronal plane shows a left-sided IVC (L) which receives the contrast- 
opacified blood (arrow) from the LK. (C) SDUS of the LRV flow shows 
a PFV of 182 cm/s 
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Fig. 3.5 A 13-year-old boy with gross hematuria due to NCS associ- 
ated with double IVC. (A) Schematic drawing of the double 
IVC. Normally, infrarenal IVC is formed from the right supracardinal 
vein and this part of the left supracardinal vein regresses. If both right 
and left supracardinal veins in this part persist, the double IVC occurs. 


(B)-(D) Serial CECT images of the kidney in the axial plane from cra- 
nial to caudal levels show the double IVC (R, right-sided infrarenal 
IVC; L, left-sided infrarenal IVC). Left-sided IVC (L) joins the LRV 
(arrow) to form the right-sided suprarenal IVC (open arrow) 
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4. LRV and Duodenum 


The LRV and third portion of the duodenum in a 63-year-old 
woman with microscopic hematuria. (A) CDUS in the axial plane 
shows the LRV (arrowheads) running between the AA (a) and SMA (s). 
(B) CDUS in the axial plane slightly caudal to (A) shows a tubular 
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i A 43-year-old woman without any symptoms or signs related 
to NCP. (A) SDUS of the LRV shows a high PFV of 149 cm/s. (B) 
Longitudinal CDUS of the AA (a) in the sagittal plane shows the celiac 
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structure without flow signals, which is the third portion of the duode- 
num (arrows). (C) Schematic drawing shows the cranio-caudal rela- 
tionship between the LRV (V) and duodenum (D) 


trunk (c) and SMA (s). Note compressed LRV (arrow) in the narrow 
space between the AA (a) and SMA (s). Open arrow indicates com- 
pressed third portion of the duodenum caudal to the LRV (arrow) 
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Fig. 4.3 The LRV and third portion of the duodenum in an 81-year-old 
woman with microscopic hematuria due to NCS. (A) Greyscale US in 
the axial plane shows two tubular structures in the space between the 
AA (a) and SMA (s). (B) CDUS in the same plane shows flow signals 
in the anterior tubular structure representing the LRV. Another tubular 
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structure without flow signals posterior to the LRV is the third portion 
of the duodenum (arrowheads). Note bright-colored high-velocity flow 
signals in the am-LRV (arrows). (C) SDUS in the am-LRV shows a 
PFV of 129 cm/s. (D) A schematic drawing showing the anterior- 
posterior relationship between the LRV (V) and duodenum (D) 
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Diagnostic Techniques and Criteria 


There are wide spectra of clinical presentations in NCS and 
criteria are not established well for the diagnosis of NCP, 
which frequently results in a delayed or incorrect diagnosis. 
Therefore, the diagnosis of NCP or NCS is difficult and 
requires a high index of suspicion. 

The most definitive diagnosis of NCP can be made if 
there is a significant pressure gradient across the compres- 
sion site of the LRV. The pressure gradient can be measured 
directly by transfemoral venous catheterization but it is an 
invasive procedure. In the normal population, the pressure 
gradient across the am-LRV is less than 1 mmHg, and a diag- 
nosis of NCP can be made if this pressure gradient is bigger 
than 3 mmHg that is approximately 4 cm H,O. A pressure 
gradient of more than 3 mmHg is considered to represent 
hemodynamically significant LRV hypertension. Left renal 
venography through catheterization may show evidence of 
am-LRV compression and collateral vessels. If a patient with 
NCP has hematuria, proteinuria, and/or left flank pain of 
unexplained origin, a diagnosis of NCS can be made. If a 
patient shows left-sided hematuria at cystoscopy it may help 
diagnosis. Also, the high proportion of isomorphic red blood 
cells more than 20-30% indicates non-glomerular hematuria 
and it may also help the diagnosis of NCS. 

NCP may be suspected based on the luminal narrowing 
measured at US or CT. Previous studies compared diameters 
of h-LRV and am-LRV. In our early report using US, the 
mean ratio of two diameters was significantly different 
between NCS and normal groups, 5.0 + 2.3 in the NCS group 
(range, 2.6—11.0) and 3.3 + 1.1 in the normal group (range, 
2.0-6.0). However, we should keep in mind that artificial 
manual compression by the US transducer may exaggerate 
the narrowing of am-LRV. Dilated h-LRV is evidence that the 
narrowing of am-LRV is hemodynamically significant. A lot 
of collateral vessels may develop to alleviate LRV hyperten- 
sion. As collateral vessels develop, LRV dilatation becomes 
less prominent and also PFV of am-LRV becomes lower. 
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Another anatomical parameter that can be used for the 
diagnosis of NCP is an angle between AA and SMA (am- 
angle) at the sagittal imaging plane. The normal am-angle is 
close to 90° with a wide reported range (Shockeir AA, 1994). 
The am-angle in NCS patients is narrower than that in nor- 
mal populations but it is difficult to use this angle criterion 
for practical use in diagnosis because significant overlap 
exists between NCS and normal groups. Although a single 
anatomical parameter is difficult to use for the diagnosis of 
NCP and NCS due to significant overlap with the normal 
group, multiple parameters in combination with other param- 
eters such as RBC morphology or cystoscopic findings may 
have better diagnostic values (Kaneko K, 1999). 

Doppler US is the best noninvasive imaging technique to 
measure the blood flow velocity. There have been numerous 
studies reporting the Doppler flow velocity criteria for 
NCP. Normal PFV at h-LRV is 15-25 cm/s and that at am- 
LRV is 40-50 cm/s. Twice of the normal PFV of am-LRV, 
i.e., 80-100 cm/s, is regarded as the Doppler criterion of 
NCP. The simplest and the most practical criterion to use is 
100 cm/s PFV at am-LRV. Several articles reported the PFV 
ratio between am-LRV and h-LRV for the diagnosis of NCP 
and NCS. The thresholds of PFV ratio they reported were 
between 4.0 and 5.0 with quite high sensitivity and specific- 
ity. These PFV ratios between 4.0 and 5.0 are consistent with 
PFV criteria of 80-100 cm/s. 

CECT is commonly used as a primary imaging study for 
the evaluation of patients with hematuria. The early arterial 
or cortical phase CECT images show contrast-opacified 
blood from the LK flowing through the am-LRV into the 
IVC. Various CECT findings may suggest NCP. Beak-like 
narrowing of am-LRV suggests NCP. Normally, LRV flows 
in a plug flow pattern or contrast-opacified heavy blood flows 
along the dependent posterior margin of the LRV and IVC. If 
am-LRV is significantly compressed and blood flow becomes 
faster, early phase CECT may show jetting phenomenon or 
flow along the nondependent anterior margin of the LRV and 
IVC. We may suspect the presence of NCP by observing 
these flow patterns of LRV at early phase CECT. 
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Illustrations 


1. Pressure Gradient Between LRV and IVC 


LRV Ive 


Eh Gea 


Fig. 1.1 Pullback pressure tracing showing the gradient between the 
LRV and IVC. The gradient was 5 mmHg in this patient 
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2. Anatomic Parameters Suggesting NCP 


Fig. 2.1 A 24-year-old man with gross hematuria caused by 
NCS. Greyscale US of the LRV in the axial plane shows narrowed am- 
LRV (arrow) between the AA (a) and SMA (s) and the dilated proximal 
h-LRV (h). In this patient, anterior-posterior diameter of the am-LRV 
was 2 mm and that of the h-LRV was 15 mm with the ratio between two 


diameters was 7.5 
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Fig. 2.2 An 18-year-old man with microscopic hematuria and protein- 
uria due to NCS. (A, B from KIM SH, 2019). (A) Greyscale US of the 
LRV in the axial plane shows narrowed am-LRV (arrow) between the 
AA (a) and SMA (s) and the dilated proximal h-LRV (h). In this patient 
anterior-posterior diameter of the am-LRV was 1 mm and that of the 
h-LRV was 7 mm with the ratio between two diameters was 7.0. (B) 
Greyscale US of the AA (a) and SMA (s) in the sagittal plane shows a 


narrow angle between the AA and SMA. Note the LRV (arrows) and 
third portion of the duodenum (arrowheads) are compressed between 
the two arteries. (C) Sagittal reformatted image of CECT in early arte- 
rial phase shows narrow space between the AA (a) and SMA (s). Note 
compressed LRV (arrow) and third portion of the duodenum (arrow- 
heads) between the two arteries 


61 


Illustrations 


3. Doppler US Criteria of NCP 
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Fig. 3.1 A diagram showing the principle of continuity of the fluid 
moving in a tube. As the area (A) of the tube becomes smaller, the 
velocity (v) of the fluid becomes faster 


Fig. 3.2 A 63-year-old woman with NCP. She complained of foamy (s). (B) CDUS image shows bright-colored, high-velocity flow (arrow- 
urine but her urine did not show hematuria or proteinuria. (A) Greyscale heads). (C) SDUS shows a PFV of 230 cm/s 
US image shows compression of the LRV between the AA (a) and SMA 
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A 78-year-old woman with left flank pain probably due to 
NCS. (A) Greyscale US image shows severe compression of the LRV 
between the origin of the RRA (open arrow) and SMA (s). Note tortu- 
ous AA (a). (B) CDUS image shows laminar flow with brighter central 
higher velocity flow (arrowheads) in front of the origin of the RRA 


A 62-year-old woman with microscopic hematuria and pro- 
teinuria probably due to NCS. (A) CDUS image shows bright-colored, 
high-velocity flow (arrowheads) starting from the am-LRV (arrow). (B) 
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(open arrow). (C) SDUS shows a PFV of 88.5 cm/s which is slightly 
lower than the criterion of 100 cm/s. However, considering the anatomi- 
cal changes and CDUS findings, we may consider that the diagnosis of 
this patient is NCS 
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SDUS shows changing Doppler spectra with the patient’s respiration. 
The maximal PFV is around 100 cm/s 
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4. CT Findings Suggesting NCP 


Fig. 4.1 A schema and CECT image of abrupt narrowing with an acute angle of the LRV (beak sign) suggesting NCP (from Kim KW, 2011) 
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(1) 


(2) 


(3) 


(4) 


Fig. 4.2 The morphological types of contrast medium flow from the (3) contrast medium flow to the non-dependent portion of IVC lumen, 
LRV to the IVC: (1) filling the entire IVC lumen with a smooth margin, (4) contrast medium spouting to the IVC directly with spiculated mar- 
(2) contrast medium flow to the dependent portion of the IVC lumen, gins (from Kim TM, 2021) 
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5. MRI Findings Suggesting NCP 
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Fig. 5.1 A 33-year-old man who underwent radical cystectomy and 
neobladder formation for bladder cancer. T2-weighted MRI shows nor- 
mal LRV with signal void (arrowheads) 
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Doppler Ultrasound 


Doppler US is an excellent technique to measure blood flow 
velocity in the body. The LRV is normally slightly com- 
pressed between the AA and SMA. Therefore, PFV at am- 
LRV is normally higher than that at h-LRV. The blood flow 
of the LRV normally has a pattern of plug flow or laminar 
flow. If LRV is compressed significantly between AA and 
SMA, the blood flow becomes accelerated and may have jet- 
ting flow patterns. 

Normal PFV at h-LRV and am-LRV is approximately 
15-25 cm/s and 40-50 cm/s, respectively. In our previous 
studies (KIM SH, 1996; Cheon JE, 2006), PFV values were 
14.2 + 2.5 cm/s at h-LRV and 110.7 + 35.8 cm/s at am-LRV 
in NCS adults and 21.5 + 5.0 cm/s at h-LRV and 
139.6 + 31.0 cm/s at am-LRV in NCS children. In those stud- 
ies, we suggested that the best cut-off values of PFV ratio to 
differentiate NCS patients from the normal group was 5.0 in 
adults with a sensitivity of 80% and a specificity of 94%, and 
it was 4.7 in children with a sensitivity of 100% and a speci- 
ficity of 90%. If PFV of am-LRV is 4-5 times higher than 
PFV at h-LRV, we may suspect NCP. If we may use an abso- 
lute PFV criterion, it will be easier and more practical than 
using a ratio criterion and the simplest and the most practical 
criterion is 100 cm/s of PFV at am-LRV. We need to under- 
stand that the degree of compression of am-LRV is a con- 
tinuous spectrum from absent or subtle compression in 
normal people to severe narrowing or complete obstruction 
in severe NCP and NCS cases. 

One important thing to understand is that LRV flow of 
normal direction is almost absent in very severe NCP cases. 
In such cases, it is difficult to see the jetting phenomenon at 
CDUS and it is also difficult to obtain clear Doppler spectra 
at SDUS. In those severe cases, often LRV flow is absent at 
supine posture but we may see prominent LRV flow at other 
postures such as left lateral decubitus. 
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Estimation of Pressure Gradient 
from Doppler US Data 


6.1 


In a healthy population, there is no remarkable pressure gra- 
dient, across the am-LRV, usually less than 1 mmHg. The 
pressure gradient of more than 3 mmHg indicates the pres- 
ence of NCP. An invasive venous catheterization is needed to 
measure a pressure gradient but a theoretical pressure gradi- 
ent may be estimated from the PFV data obtained through 
Doppler US. Bernoulli’s principle of continuity can apply to 
the ideal and incompressible liquid. The equation of the prin- 
ciple is P1+1/2(pv1*)+pgh1 = P2+1/2(pv27)+pgh2 where P 
is pressure, v is velocity, h is elevation, p is density, and g is 
the acceleration due to gravity. For blood in the human body, 
h is negligible, and then the equation may be simplified as 
P1+1/2(pvI*) = P2+1/2(pv27). Consequently, this equation 
may be changed to P1—P2 = 1/2p(v1* — v2?) where P1—P2 
is the pressure gradient between the two points. Because 
1 mmHg is 1333 g/cm/s? and the density of blood (p) is 
approximately 1.06 g/cm’, we may calculate the theoretical 
pressure gradient in the mmHg unit using two PFV values at 
h-LRV and am-LRV. If PFVs at am-LRV are 80 cm/s and 
100 cm/s with h-LRV PFV of 20 cm/s, calculated pressure 
gradients are 2.39 mmHg and 3.81 mmHg, respectively, 
which are compatible with the actually measured pressure 
gradient criterion of 3 mmHg. 

However, we should be aware that in NCS patients who 
underwent both Doppler US and LRV catheterization and 
manometry, often there are significant differences between 
theoretically estimated pressure gradients and measured gra- 
dients, which may be explained by the development of col- 
lateral vessels. If there are prominent collateral vessels 
connected to the LRV, the measured pressure gradient may 
be lower than the theoretically calculated pressure gradient. 
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6.2 Technical Tips for Doppler US 

Two important technical considerations are needed in mea- 
suring PFV of LRV accurately with Doppler US. The first 
thing is regarding the Doppler angle. It is easy to obtain clear 
Doppler spectra from h-LRV because the Doppler angle is 
usually within an optimal range in the standard axial plane 
scan. However, it is different for am-LRV because the 
Doppler angle is almost 90° if the operator holds the trans- 
ducer in a usual transverse direction. To make Doppler angle 
better for am-LRV, we need to adjust the position and the 
direction of the transducer by slightly moving the transducer 
to the left side and rotating it counterclockwise until am- 
LRV is located in the left corner of the US monitor. The sec- 
ond thing to consider is the sample volume. Even though we 
have a proper Doppler angle by adjusting the position and 
the direction of the transducer, we may not obtain satisfac- 
tory Doppler spectra if we use a usual small sample volume 
of a few millimeters. With a small sample volume, am-LRV 
between the pulsating AA and SMA may not be included 
within the sample volume. Therefore, it is necessary to make 
the sample volume thick enough around 10 mm to keep am- 
LRV between pulsating AA and SMA within the sample vol- 
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ume. However, we should be careful not to include the portal 
vein within the large sample volume. If both am-LRV and 
portal vein are located within the sample volume, we may 
confuse Doppler spectra from the portal vein as those from 
am-LRV. 

Identifying the best location of sample volume along the 
LRV is also important. Proper use of gray-scale US and 
CDUS is necessary to identify the best location of sample 
volume. In general, gray-scale US is useful to demonstrate 
the LRV clearly while CDUS is useful to identify the exact 
site of the bright-colored fastest flow area. 

SDUS with the patient keeping quiet respiration is often 
easier to obtain Doppler spectra of am-LRV than with the 
patient holding respiration. Repeating SDUS with holding 
respiration may not be easy and comfortable for the patients 
especially for old and weak patients. If SDUS is done with 
the patients on quiet and comfortable respiration, of course 
with proper Doppler angle and sample volume, you may 
obtain continuous clear Doppler spectra changing with the 
patients’ respiration. The PFV obtained from these Doppler 
spectra rather than PFV obtained with the patient holding 
breath at a certain point of respiration will be a better param- 
eter for the diagnosis of NCP. 
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1. CDUS Findings of LRV, Normal vs NCP 
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Fig. 1.1 A 68-year-old woman with voiding difficulty. She did not (arrow). (B) SDUS of the am-LRV with the patient holding breath 
have microscopic hematuria or proteinuria. (A) CDUS of the LRV in shows Doppler spectra changing with aortic pulsation. The PFV was 
the axial plane shows the LRV coursing between the AA (a) and SMA 61.9 cm/s, slightly higher than the normal PFV of 40-50 cm/s but much 
(s). Note blood flow in the center of the am-LRV is slightly brighter lower than the 100 cm/s criterion for NCP 
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1.2 A 67-year-old woman with proteinuria and voiding difficulty. 
Effect of velocity range on the color of the LRV. (A) Greyscale US 
image of the LRV (arrowheads) which is stretched over the AA (a). 
Note the h-LRV (hb) is dilated. (B) SDUS of the LRV anterior to the AA 
shows a PFV of 76.5 cm/s. Note pulsatile flow patterns of the narrowed 
LRV. Although the PFV of 76.5 cm/s is lower than the 100 cm/s crite- 


rion, her proteinuria is probably due to NCP and her diagnosis is prob- 
ably NCS. (C)-(F) CDUS images of the LRV with various velocity 
ranges (C, —18 to +18 cm/s; D, —30.8 to +30.8 cm/s; E, —38.5 to 
+38.5 cm/s; F, —46.2 to +46.2 cm/s) show different colors of the LRV 
flow (arrow) anterior to the AA 
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Fig. 1.3 A 46-year-old man with microscopic hematuria and protein- shows sluggish flow in the dilated h-LRV and a strong bright-colored 
uria due to NCS. (A) Greyscale US of the LRV shows narrowing of the jetting flow (arrowheads). (C) SDUS of the am-LRV flow shows a very 
am-LRV (arrow) and severely dilated h-LRV (h). (B) CDUS of the LRV high PFV of 303 cm/s 
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2. SDUS Findings of LRV, Normal vs NCP 
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A 45-year-old woman with microscopic hematuria and pro- 
teinuria due to NCS. (A) Greyscale US in the axial plane shows com- 
pressed am-LRV (arrow) between the AA (a) and SMA (s) and also 
compressed posteriorly by the RRA (open arrow). (B) CDUS in the 


axial plane shows the h-LRV (h), am-LRV (arrow), and bright-colored, 
high-velocity flow signals (arrowheads) anterior to the RRA (open 
arrow). (C) SDUS of the h-LRV shows a PFV of 24.6 cm/s. (D) SDUS 
of the LRV anterior to RRA shows a PFV of 118 cm/s 
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Fig. 2.2 A 27-year-old man with gross hematuria due to NCS. (A) 
Greyscale US of the LRV shows slightly dilated h-LRV (h) and com- 
pressed am-LRV (arrow). (B) CDUS of the LRV shows homogeneous 
low-velocity signals in the h-LRV (h) and bright-colored, high-velocity 
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signals (arrowheads) from the am-LRV (arrow). (C) SDUS of the 
h-LRV shows a PFV of 23.1 cm/s. (D) SDUS of the high-velocity area 
shows a PFV of 212.2 cm/s 
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Fig. 2.3 A 35-year-old woman with microscopic hematuria and pro- 
teinuria due to NCS. (A) Greyscale US image of the LRV shows a nar- 
row space between the AA and SMA with severe narrowing of the 
am-LRV (arrow). (B) CDUS of the LRV shows bright-colored, high- 
velocity flow (arrowheads) from the am-LRV (arrow). (C, D) Two 
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SDUS images of the am-LRV shows a PFV of 103 cm/s (C) and 
99.8 cm/s (D). These PFV values are slightly above and below the 
100 cm/s criteria. We do not need to stick to the 100 cm/s criterion too 
much and need to be flexible in interpreting the SDUS findings for the 
diagnosis of NCP and NCS 
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A 56-year-old man without any symptoms or signs related to SDUS examinations with the same velocity range were 62.9 cm/s (B), 
NCP. Note variable PFVs at repeated SDUS examinations. (A) CDUS 90.3 cm/s (C), and 96.2 cm/s (D). These differences may be due to 
of the LRV shows a bright-colored jetting flow (arrowheads) from the subtle differences of Doppler angle 
am-LRV (arrow). (B)-(D) Three PFV values obtained at multiple 
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A 64-year-old woman with microscopic hematuria due to (C) SDUS of the am-LRV with the patient holding breath shows a PFV 
NCS. (A) Greyscale US image of the LRV shows the dilated h-LRV (h) of 126 cm/s. (D) SDUS of the am-LRV while the patient keeping quiet 
and narrowed am-LRV (arrow). (B) CDUS image shows bright-colored, breathing shows intermittent flow signals with a PFV of 130 cm/s 
high-velocity flow (arrowheads) from the narrowed am-LRV (arrow). 
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A 48-year-old woman with voiding difficulty and left leg pain. 
These symptoms of the patients may be related to the NCP. (A) 
Greyscale US shows the LRV (arrow) stretched over the AA (a). (B) 
CDUS shows bright-colored, high-velocity flow (arrowheads) from the 
site where the LRV is stretched over the AA (a). (C) SDUS of the am- 
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LRV with the patient holding breath shows continuous Doppler spectra 
with a PFV of 170 cm/s. (D) SDUS of the am-LRV while the patient 
keeping quiet breathing shows intermittent flow signals with a PFV of 
175 cm/s 
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Fig. 2.7 Various Doppler spectral patterns were obtained with the 
patients keeping quiet breathing in four different patients with NCS. 
(A) A 77-year-old man with microscopic hematuria, proteinuria, and 
right flank pain due to NCS. SDUS shows smoothly changing Doppler 
spectra with his respiratory cycle with a PFV of 138 cm/s. (B) A 
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16-year-old man with microscopic hematuria for 3 years due to 
NCS. SDUS shows sharply fluctuating Doppler spectra with a PFV of 
261 cm/s. (C) A 64-year-old woman with microscopic hematuria and 
voiding difficulty due to NCS. SDUS shows intermittent sharp Doppler 
spectra of pulsating pattern with a PFV of 139 cm/s 
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3. Estimation of Pressure Gradient 
from Doppler US Data 
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P4v4h; 


Pavy P2V2 


P,+1/2(pv4?)= Po+1/2(pv5") 


Py-Po= 1/2p(v4? - vo") 


1 mmHg = 1,333 g/ cm/ sec? 
p: density of blood = 1.06 g/ cmê 


P,+1/2(pv,)+pghy= Po+1/2(pvo")+pgho 


Cc 
V1 (cm/sec) V2 (cm/sec) V12-V22 
40 20 1200 
80 20 6000 
100 20 9600 
150 20 22100 
200 20 39600 


Fig.3.1 Bernoulli principle. (A) Bernoulli principle shows the relation 
among pressure (P), velocity (v), elevation (h), density (p), and accel- 
eration due to gravity (g). (B) Because (pgh) is negligible for the blood 
in the human body, the equation may be simplified. The pressure gradi- 
ent (P,—P,) may be estimated from two velocity values (v,, v2) mea- 
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0.48 


2.39 


3.81 
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15.74 


sured with Doppler US. (C) Estimated pressure gradient form the 
velocity data of the LRV measured with Doppler US. V1 and V2 are 
PFVs at the am-LRV and h-LRY, respectively. These data show that the 
pressure gradient criterion, 3 mmHg, is consistent with the 80-100 cm/s 
PFV of the am-LRV 
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Fig. 3.2 A 16-year-old man with microscopic hematuria and protein- 
uria due to NCS. Estimated PG was 8.98 mmHg and catheter-measured 
PG was 6 mmHg in this patient (from Jung SI, 2012). (A) Greyscale US 
of the LRV shows the dilated h-LRV (h) with a diameter of 10.1 mm 
and narrowed am-LRV (arrow) with a diameter of 1.5 mm (diameter 
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ratio 6.7). (B) SDUS of the h-LRV shows a PFV of 22.5 cm/s. (C) 
SDUS of the am-LRV shows a PFV of 152 cm/s. (D) Left renal veno- 
gram shows compression of the am-LRV (arrow) and prominent para- 
vertebral collateral veins 
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Fig. 3.3 An 18-year-old man with microscopic hematuria and protein- 
uria due to NCS. Estimated PG was 4.94 mmHg and catheter-measured 
PG was 4 mmHg in this patient (B, C, F, G from KIM SH, 2019). (A) 
Cystoscopy showed hematuria from the left ureteral orifice (arrow). (B) 
Greyscale US image of the LRV in the axial plane shows narrowed am- 
LRV (arrow). (C) Greyscale US image in the sagittal plane shows nar- 
row space between the AA (a) and SMA (s) and narrow aortomesenteric 
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angle. (D) CDUS of the LRV shows bright-colored, high-velocity flow 
(arrowheads) through the am-LRV (arrow). (E) SDUS of the h-LRV 
shows a PFV of 11.3 cm/s. (F) SDUS of the am-LRV shows a PFV of 
112 cm/s. (G) Left renal venogram shows compression of the am-LRV 
(arrow). There are fine paravertebral collateral vessels (arrowheads). 
Pressure gradient across the am-LRV was 4 mmHg 
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4. Technical Tips for Doppler US, Doppler 
Angle and Sample Volume 


Fig. 4.1 SDUS of the h-LRV. (A) Schema of Doppler US of the h-LRV. It is easy to obtain clear Doppler spectra from the h-LRV because the 
Doppler angle is usually within an optimal range. (B) SDUS of the h-LRV shows a PFV around 20 cm/s 


Fig. 4.2 SDUS of the am-LRV. (A) Schema of Doppler US of the am-LRV. (B) SDUS of the am-LRV. Doppler angle is almost 90° and it is hard 
to obtain clear Doppler spectra of the am-LRV 
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Fig. 4.3 To improve the Doppler angle for SDUS of the am-LRV Doppler angle has been improved but Doppler spectra are not clear 
(A from KIM SH, 2019). (A) Schema how to improve the Doppler because the am-LRV is not stably within the small sample volume 
angle. We need to adjust the position and the direction of the transducer (4 mm) between the pulsating AA and SMA. To solve this problem, we 
by slightly moving the transducer to the left side and rotating it counter- need to make the sample volume large enough 

clockwise. (B) SDUS of the am-LRV with better Doppler angle. 
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Fig. 4.4 Enlarge the sample volume to get better Doppler spectra better Doppler angle and larger sample volume (10 mm) shows clear 
(A from KIM SH, 2019). (A) Schema how to get better Doppler spectra Doppler spectra from the am-LRV 
by making the sample volume bigger. (B) SDUS of the am-LRV with 
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5. Technical Tips for Doppler US, Avoid Manual 
Compression 


Se a daima ala a aR 


A 60-year-old man without any symptoms or signs. Doppler 
US with gradual manual compression of the LRV with the transducer. 
(A, B) CECT images show the contrast-opacified LRV (arrows) without 
significant compression effect. Note a wide space between the AA (a) 
and SMA (s). (C) CDUS image shows the LRV (arrows) coursing 
between the AA (a) and SMA (s). (D)-(F) SDUS images show various 
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PFVs of the am-LRV, 61.6 cm/s without manual compression (D), 
95.4 cm/s with slight compression (E), and 170 cm/s with more com- 
pression (F). These examples show that we should be careful not to put 
unnecessary manual compression during the Doppler examination that 
may cause a false-positive diagnosis of NCP 


Illustrations 


A 69-year-old woman with NCP. She complained of epigas- 
tric pain but her urine did not show hematuria or proteinuria. (A, B) 
CDUS (A) and SDUS (B) images of the LRV without manual compres- 
sion with the transducer show the LRV compressed by the RRA (open 
arrow) and bright-colored high-velocity flow signals (arrowheads). The 
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PFV at SDUS was 169 cm/s. (C, D) CDUS (C) and SDUS (D) images 
of the LRV with manual compression with the transducer show more 
dilated h-LRV (h) with sluggish flow. The PFV at SDUS was increased 
to 324 cm/s 


86 


6. Technical Tips for Doppler US, Do Not 
Include SMV or PV in the Sample Volume 
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Fig. 6.1 A 58-year-old woman with microscopic hematuria and 
proteinuria due to NCS. (A) CDUS image in the axial plane shows 
the LRV (arrowheads) and PV (p) that are located close to each 
other. a: AA, s: SMA. (B) SDUS with a large sample volume 
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Fig. 6.2 A 38-year-old woman with microscopic hematuria and pro- 
teinuria due to NCS. SDUS with a large sample volume (20 mm) 
including both LRV and PV shows two different flow signals, one with 
a PFV around 50 cm/s (arrowheads) which is from the PV, and the other 
with a PFV around 160 cm/s (arrows) which is from the LRV 


(15 mm) including both LRV and PV shows two different flow sig- 
nals, one with a PFV around 40 cm/s (arrowheads) which is from the 
PV, and the other with a PFV of 145 cm/s (arrows) which is from the 
LRV 
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A 6l-year-old woman with microscopic hematuria and pro- 
teinuria due to NCS. (A)-(C) CECT images of the kidney show the 
contrast-opacified blood flow of the LRV into the IVC. Note subtle 
compression of the LRV (arrow) by the RRA (open arrow) posteriorly. 
(D) CDUS of the LRV shows subtle compression of the LRV (arrow- 
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head) by the RRA (open arrow) posteriorly. a: AA, s: SMA, v: SMV. 
(E) SDUS of the LRV in this area shows three components of the flow, 
from the RRA (1), from the LRV (2), and from the SMV (3). Note the 
PFV of the LRV flow in this area was 124 cm/s which is higher than the 
100 cm/s criterion 
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CT and MRI Findings 


CECT is commonly used primarily to evaluate patients with 
hematuria. NCS is one of the important causes of hematuria 
and various CT findings that may suggest NCP have been 
reported. A beak-like narrowing of am-LRV indicates sig- 
nificant compression of am-LRV. My colleagues have 
reported this beak sign and related parameters that may be 
measured with CT such as beak angle, LRV diameter ratio, 
and am-angle. They divided 27 patients into three groups; 
non-compensated NCS group with pressure gradient more 
than 3 mmHg, partially compensated NCS group with bor- 
derline pressure gradient (1-3 mmHg) and collateral veins, 
and control group with pressure gradient less than 1 mmHg 
without collateral veins. They reported that the beak sign 
showed 91.7% sensitivity and 88.9% specificity in differen- 
tiating between the non-compensated NCS group from the 
control group. 

Another important feature for the diagnosis of NCS is the 
contrast-jetting phenomenon across the am-LRV. Early 
phase CECT images may show the flow of contrast-opacified 
blood from the LRV into the IVC. In normal conditions, 
contrast-opacified blood moves across the am-LRV in a plug 
flow or bulk movement pattern into the IVC. In contrast, 
NCS patients often show jetting of contrast-opacified blood 
flow across the am-LRV. Sometimes there are phenomena of 
the preferential flow of contrast-opacified blood along the 
dependent posterior or nondependent anterior margin of the 
LRV and IVC. Because contrast-opacified blood is heavier 
than non-opacified blood, preferential flow along the depen- 
dent posterior margin may indicate normal slow flow while 
contrast-opacified flow along the anterior nondependent 
margin may indicate faster flow. 

CECT is also helpful in demonstrating collateral vascular 
channels from the LRV. It is easy to detect regurgitation of 
densely opacified LRV blood into the gonadal veins and 
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other collateral channels in early phase CECT images. 
Gonadal veins are the main collateral channels of LRV and 
regurgitation into those veins results in pelvic congestion or 
varicocele. 

We have done a study in patients who were on follow-up 
after radical cystectomy and ileal neobladder formation for 
bladder cancer. CECT of those patients were categorized 
into four groups according to the flow pattern of contrast- 
opacified LRV blood: (1) plug flow pattern, (2) preferential 
flow along the dependent posterior margin, (3) preferential 
flow along the nondependent anterior margin, and (4) jetting. 
Flow patterns | and 2 were considered to indicate normal 
slow flow and patterns 3 and 4 to indicate faster flow sug- 
gesting NCP. History of frequent microscopic hematuria was 
correlated with those flow patterns at CT, and there was a 
significant difference in frequency of microscopic hematuria 
between two groups, patients with normal slow flow patterns 
and those with faster flow patterns suggesting NCP. Therefore, 
if the patients who are on postoperative follow-up for blad- 
der cancer show persistent microscopic hematuria, informa- 
tion regarding LRV flow patterns at CECT may be useful in 
assessing the cause of hematuria. 

T2-weighted MRI may show high signal intensity instead 
of dark signal void if blood flow is very slow or stagnant. In 
addition to the anatomic information of narrowing of am- 
LRV, T2-weighted MRI may show this important informa- 
tion regarding stagnant flow in the h-LRV in patients with 
severe NCP. There was an article reporting the asymmetric 
high signal intensity of left renal parenchyma compared to 
the right kidney in NCS patients. They reported that these 
findings may indicate LK swelling and edema due to LRV 
hypertension associated with severe NCP (Wong HL, 2010). 
Certain special MRI pulse sequences such as phase-contrast 
MRI may provide information on flow velocity and pressure 
gradient of the heart and great vessels. These MRI tech- 
niques may be useful in the evaluation of LRV in patients 
with NCP and NCS. 
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Illustrations 


1. Normal CECT and MRI Findings of LRV 


Fig. 1.1 A 32-year-old woman with NCP. She did not have any symptoms or signs related to NCP. (A, B) CECT images of the kidney in the early 
cortical phase show the LRV with the contrast-opacified blood with a plug-flow pattern (arrows) 


Fig. 1.2 A 33-year-old man who underwent radical cystectomy and 
neobladder formation for bladder cancer. T2-weighted turbo spin-echo 
image (TR 3450 ms, TE 87 ms) shows low signal intensity of the LRV 
(arrowheads) 
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2. CECT Findings Suggesting NCP 


Fig. 2.1 A 28-year-old woman with ovarian endodermal sinus tumor phase show compressed am-LRV between the AA and SMA. Note a 
showed CT findings of NCP. She did not have any symptoms or signs jetting of the contrast-opacified blood (arrow) after it is passing through 
related to NCP. (A, B) CECT images of the kidney in the early cortical the narrow space between the AA and SMA 


Fig. 2.2 A 24-year-old woman with endocervical adenocarcinoma of 
the uterus showed CT findings of NCP. She did not have any symptoms 
or signs related to NCP. CECT image of the kidney in the early cortical 
phase show compressed am-LRV between the AA and SMA. Note a 
jetting of the contrast-opacified blood (arrow) after it is passing through 
the narrow space between the AA and SMA. Also, note the flow of the 
contrast-opacified blood flow along the non-dependent anterior margin 
of the IVC (arrowheads) 
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Fig.2.3 A 48-year-old woman with uterine cervical carcinoma showed 
CT findings of NCP. She did not have any symptoms or signs related to 
NCP. (A, B) CECT images of the kidney in the early cortical phase 
show compressed am-LRV (arrow) between the AA and SMA. Note 
flow of the contrast-opacified blood (arrowheads) along the non- 
dependent anterior margin of the LRV and IVC after it is passing 


through the narrow space between the AA and SMA. These CECT find- 
ings suggest a high speed of blood flow since heavier blood normally 
flows along the dependent posterior margin or in a plug-flow pattern. 
(C) CECT image of the kidneys at a lower level shows dilated varicose 
vessels in the left renal hilar area (arrows) 
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3. Patterns of LRV Flow at CECT, Plug Flow 


Fig. 3.1 CECT image of the kidneys in a 53-year-old asymptomatic 
man shows the plug-flow pattern of the contrast-opacified blood of 
the LRV (arrows) without compression between the AA (a) and 


Fig. 3.2 A 45-year-old asymptomatic man with a plug-flow pattern of 
SMA (s) 


the LRV. CECT image shows normal LRV without compression and 
homogenously opacified LRV and IVC (from KIM SH, 2019) 
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4. Patterns of LRV Flow at CECT, Preferential 
Flow Along the Dependent Posterior Margin 


Fig. 4.1 A 72-year-old man with microscopic hematuria and protein- heavier blood along the dependent posterior margin of the LRV and 
uria. (A)-(C) CECT images of the kidney in the early cortical phase IVC (arrow) 
show the LRV with the preferential flow of the contrast-opacified 


Fig. 4.2 A 48-year-old asymptomatic man. (A, B) CECT images in early cortical phase show the contrast-opacified blood flow into the IVC along 
the dependent posterior aspect of the LRV and IVC (from KIM SH, 2019) 
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5. Patterns of LRV Flow at CECT, Preferential 
Flow Along the Nondependent Anterior 
Margin 
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Fig. 5.1 A 17-year-old woman with proteinuria due to NCS (A-D 
from KIM SH 2019). (A, B) CECT images of the kidney in the early 
arterial phase show findings of subtle jetting and flow of the contrast- 
opacified blood along the non-dependent anterior margin (arrowheads) 
of the IVC after it passes the narrow space (arrow) between the AA and 


SMA. (C) CDUS image of the LRV shows the dilated h-LRV (h) and 
bright-colored fast flow (arrowheads) along the non-dependent anterior 
margin of the LRV and IVC. (D) SDUS of the LRV shows a PFV 
around 150 cm/s 
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Fig. 5.2 A 48-year-old woman with NCP. She had no symptoms or 
signs related to NCP. (A, B) CECT images of the kidney in the early 
arterial phase show subtle compression of the LRV by the origin of the 
RRA (arrow) posteriorly and flow of the contrast-opacified blood along 
the non-dependent anterior margin into the IVC (arrowheads). (C) 


CDUS image of the LRV shows bright-colored fast flow (arrowheads) 
after it is compressed by the origin of the RRA (arrow). (D) SDUS of 
the LRV shows the pulsatile pattern of the LRV flow with a PFV of 
165 cm/s 
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Fig. 5.3 A 61-year-old woman with NCP. She had no symptoms or rior margin (arrowheads) into the IVC. (C) CDUS image of the LRV 
signs related to NCP. (A, B) CECT images of the kidneys in the early shows bright-colored fast flow (arrowheads) after it is compressed by 
arterial phase show subtle compression of the LRV by the RRA (arrow) the RRA (arrow). (D) SDUS of the LRV shows a PFV of 159 cm/s 
and flow of the contrast-opacified blood along the non-dependent ante- 
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Fig. 5.4 A 23-year-old man with gross hematuria due to NCS. (A) of the contrast-opacified blood along the non-dependent anterior mar- 
Cystoscopy shows gross hematuria from the left ureteral orifice (arrow). gin of the LRV and IVC (arrowheads) after it passes the narrow space 
(B, C) CECT images of the kidney in the early arterial phase show flow _ (arrow) between the AA and SMA 


Fig. 5.5 A 41-year-old woman with microscopic hematuria due to _ contrast-opacified blood along the anterior non-dependent margin of 
NCS. (A) CECT image of the kidneys in the early arterial phase shows the LRV and IVC (arrowheads). (B) SDUS of the LRV shows a PFV of 
stretching of the LRV over the aorta (arrow) and preferential flow of the 137 cm/s 
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Fig. 5.6 A 58-year-old man with renal cell carcinoma of the LK and opacified blood flow along the nondependent anterior margin (arrow- 
NCP. (A, B) CECT images of the kidney in early cortical phase show an heads) of the LRV and IVC 
enhancing renal mass (open arrows) in the LK and flow of the contrast- 
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6. Patterns of LRV Flow at CECT, Jetting 


Fig. 6.1 A 28-year-old woman with proteinuria due to NCS. CECT 
image of the kidneys in the early cortical phase shows compressed am- 
LRV and jetting of the contrast-opacified blood (arrows) as it passes the 
narrow space between the AA and SMA 


Fig. 6.2 A 35-year-old man with microscopic hematuria due to NCS. (A, B) CECT images of the kidneys in the early cortical phase show com- 
pressed am-LRV and jetting of the contrast-opacified blood (arrows) as it passes the narrow space between the AA and SMA 
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Fig. 6.3 A 36-year-old woman with microscopic hematuria and  contrast-opacified blood (arrows) as it passes the narrow space 
proteinuria due to NCS. (A) CECT image of the kidneys in the between the AA and SMA. (B) SDUS of the am-LRV shows a PFV 
early cortical phase shows compressed am-LRV and jetting of the of 149.6 cm/s 


Fig. 6.4 A 34-year-old man with microscopic hematuria and protein- the AA and SMA. (B, C) CECT images at a lower level show fine col- 
uria due to NCS. (A) CECT image of the kidneys shows a jetting of the lateral vessels and subtle haziness of the left para-aortic area (arrows) 
contrast-opacified blood (arrow) as it passes the narrow space between probably representing retroperitoneal edema due to LRV hypertension 
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7. MRI Findings Suggesting NCP 


Fig. 7.1 A 46-year-old woman with microscopic hematuria due to due to compression of the LRV between the AA (a) and SMA (s). (B) 
NCS. (A) T2-weighted MRI shows the high signal intensity of the Left renal venogram shows compression effect of the LRV (asterisks) 
h-LRV (h) up-to the am-LRV (arrow) representing slow stagnant flow between the AA and SMA and paravertebral collateral vessels (arrows) 
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Fig. 7.2 A 24-year-old woman with congenital megaureter and mega- 
calycosis of the right urinary tract. (A, B) T2-weighted MR images 
show hydronephrotic RK and high signal intensity of the h-LRV 
(arrowheads) up to the am-LRV (arrow) representing slow stagnant 
flow due to compression of the LRV between the AA and SMA. (C) 
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CECT images of the kidneys show hydronephrotic RK and a jetting 
(arrow) of the contrast-opacified blood flow through the am-LRV. (D) 
CDUS of the LRV shows bright-colored, high-velocity blood flow 
(arrowheads) of the LRV. (E) SDUS of the LRV shows a PFV of 
167 cm/s 
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Fig. 7.3 A 35-year-old man who underwent partial nephrectomy for 
small renal cell carcinoma of the RK. He had persistent microscopic 
hematuria on postoperative follow-up. (A) CECT image shows 
slightly dilated h-LRV (h) and compression of the LRV by the origin 
of the RRA (open arrow). Note flow of the contrast-opacified LRV 
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Subtypes of NCP and NCS 


NCP associated with retroaortic or circumaortic LRV where 
LRV is compressed between the AA and vertebra is called 
posterior nutcracker while classical NCP in normally located 
LRV anterior to the AA is called anterior nutcracker. In this 
chapter, variable patterns of anterior NCP will be introduced. 
Posterior NCP and NCS associated with congenital varia- 
tions of IVC will be discussed in Chap. 9. 

LRV compressed in a narrow space between AA and 
SMA is the typical appearance of anterior NCP. Other varia- 
tions of anterior NCP exist in which LRV is compressed in 
different ways. In one of those variations, the LRV is not 
significantly compressed between AA and SMA but is com- 
pressed slightly distal to the am-LRV from the rear side by 
the origin of the right renal artery (RRA), which arises from 
the aorta in a somewhat anterior direction. This pattern of 
LRV compression by RRA was reported previously by oth- 
ers (Basile A, 2007; Polgui M, 2013). They called this pat- 
tern of NCP anterolateral or lateral type (Polgui M, 2013). In 
contrast to the classical first pattern of LRV compression 
between two arms of AA and SMA, LRV in this second pat- 
tern is compressed by one arm from the posterior aspect. The 
compression effect by one arm will be much less than that by 
two arms. In this second pattern, the flow velocity of the 
LRV is increased mainly along the posterior aspect close to 
the RRA. Sometimes, LRV may look compressed between 
the RRA and portal vein especially in thin patients, but the 
compression effect by portal vein will not be significant 
(Stephens M, 2014). 

The third pattern of LRV compression is stretching of 
LRV anterior to the AA. In this condition, the LRV drapes 
the AA tightly and it is something like a watering hose on the 
ground is stretched when it turns around a large tree or 
washed towel hanging on a laundry line. This pattern of LRV 
compression is seen frequently in patients with prominent 
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and tortuous AA. NCP cases of this pattern also occur in 
patients who lost weight a lot. In these patients, both kidneys 
move posteriorly due to decreased amount of retroperitoneal 
fat. This condition is called posterior renal ptosis and a simi- 
lar phenomenon may occur in patients with prominent lum- 
bar lordosis (Wendel RG, 1980). 

We may call the classical pattern of NCP between the AA 
and SMA type 1, the second pattern of LRV compression by 
RRA type 2, and the third pattern of LRV stretched over the 
AA type 3. Generally, the compression effect to LRV in type 
2 and type 3 NCP is less than that in type 1 NCP. Sometimes, 
it is difficult to designate the type and NCP may have char- 
acteristics of more than one type, for example, types 1 and 3. 
More than two patterns are coexistent, for example, type 1+2 
and type 2+3. Also, it is important to understand that a patient 
with a certain type of NCP at supine posture may have a dif- 
ferent type of NCP or no evidence of NCP at a different 
posture. 

There are other conditions where NCP may be accompa- 
nied. NCP may occur in conditions where LRV flow increases 
significantly even though aortomesenteric space is not nar- 
row. Examples are large hypervascular renal tumors or large 
arteriovenous fistulas of the LK. Other conditions that may 
cause NCP are left testicular artery arching over the LRV, 
and LRV compressed by pancreas mass, retroperitoneal 
lymphadenopathy, or prominent right diaphragmatic crus. 
Rarely, NCP may occur in the right renal vein. NCS due to 
compression of the right renal vein in pregnant women has 
been reported. In patients with situs inversus, right-sided 
NCP or NCS may occur and they are called inverted NCP or 
NCS (Ekwenna O, 2011). 

There was an article in which NCS was classified into 
early vs long-term, and non-compensatory vs partially com- 
pensatory vs compensatory according to the presence or 
absence of LRV dilatation, LRV hypertension, and/or col- 
lateral vessels. There was an article explaining the natural 
course of NCP and NCS. If NCP exists for a while and 
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enough collateral vessels are developed, there are no more gestion and related symptoms instead (Takebayashi S, 1999). 
LRV dilatation and LRV hypertension, and then probably Rarely both NCP and pelvic congestion phenomenon (PCP) 
there are no more hematuria, proteinuria, or left flank pain. are symptomatic and then we may call this condition a case 
However, those patients may have varicocele or pelvic con- of combined NCS and pelvic congestion syndrome (PCS). 
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Illustrations 


1. Type-1 NCP, Classical Type of LRV 
Compression Between AA and SMA 


© 


Fig. 1.1 Schema of the three subtypes of the anterior NCP. (A) Type 1. The LRV is compressed between the AA and SMA. (B) Type 2. The LRV 
is compressed posteriorly by the RRA. (C) Type 3. The LRV is stretched over the AA 
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l A 23-year-old woman with proteinuria due to type-1 NCS. 
(A) Greyscale US image shows dilated h-LRV (h) and narrowed am- 
LRV (arrow). (B) CDUS shows a jetting of bright-colored, high- 
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velocity blood flow (arrowheads) from the am-LRV (arrow). (C) SDUS 
of the LRV shows a PFV of 230 cm/s 
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A 36-year-old woman with proteinuria due to type-1 NCS. (A) CDUS shows a jetting of bright-colored, high-velocity blood flow (arrow- 
heads) from the am-LRV (arrow). (B) SDUS of the LRV shows a PFV of 149 cm/s 
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Fig. 1.4 A 17-year-old woman with proteinuria due to type-1 NCS. velocity blood flow (arrowheads) from the am-LRV (arrow). (C) SDUS 
(A) Greyscale US image shows dilated h-LRV (h) and narrowed am- of the LRV shows a PFV of 182 cm/s 
LRV (arrow). (B) CDUS shows a jetting of bright-colored, high- 
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Fig. 1.5 A 67-year-old man with type-1 NCP. He had no symptoms or blood flow (arrowheads) from the am-LRV (arrow). (C) SDUS of the 
signs related to NCP. (A) Greyscale US image shows narrowed am-LRV LRV shows a PFV of 210 cm/s 
(arrow). (B) CDUS shows a jetting of bright-colored, high-velocity 
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A 50-year-old man with type-1 NCP. He had no symptoms or _ bright-colored, high-velocity blood flow (arrowheads) from the am- 
signs related to NCP. (A) Greyscale US image shows narrowed am- LRV (arrow). (C) SDUS of the LRV shows a PFV of 201 cm/s 
LRV (arrow) and dilated h-LRV (h). (B) CDUS shows a jetting of 


A 66-year-old man with microscopic hematuria and proteinuria due to type-1 NCS. (A) CDUS shows dilated h-LRV (h) and a jetting of 
bright-colored, high-velocity blood flow (arrowheads) from the am-LRV (arrow). (B) SDUS of the LRV shows a PFV of 143 cm/s 
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A 70-year-old woman with type-1 NCP. She had no symptoms 
or signs related to NCP. (A) Greyscale US image shows compression of 
the LRV in two sites, first am-LRV (arrow) between the AA and SMA, and 
second site posteriorly by RRA (open arrow). h: dilated h-LRV. (B) CDUS 


8 Subtypes of NCP and NCS 


image shows a bright-colored. high-velocity jetting flow (arrowheads) 
from the point where the LRV is compressed (arrow) between the AA and 
SMA. Note RRA (open arrow) does not cause a significant compression 
effect in this case. (C) SDUS of the LRV shows a PFV of 209 cm/s 


A 67-year-old woman with type-1 NCP. She had no symp- 
toms or signs related to NCP. (A) Greyscale US image shows compres- 
sion of the LRV in two sites, first am-LRV (arrow) between the AA and 
SMA, and second site posteriorly by RRA (open arrow). (B) CDUS 


image shows a bright-colored. high-velocity jetting flow (arrowheads) 
from the point where the LRV is compressed (arrow) between the AA 
and SMA. Note RRA does not cause significant compression effect in 
this case. (C) SDUS of the LRV shows a PFV of 231 cm/s 
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2. Type-2 NCP, LRV Compression by RRA 
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Fig. 2.1 A 54-year-old woman with type-2 NCP. She had no symp- arrow). (B) CDUS image shows a bright-colored, high-velocity jetting 
toms or signs related to NCP. (A) Greyscale US image shows dilated flow (arrowheads) from the point where the LRV is compressed by the 
h-LRV and compression of the LRV posteriorly by the RRA (open RRA (open arrow). (C) SDUS of the LRV shows a PFV of 114 cm/s 
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Fig. 2.2 A 28-year-old woman with type-2 NCP. She had microscopic 
hematuria and proteinuria, but she was diagnosed with IgA nephropa- 
thy with minimal changes. Therefore, her diagnosis is NCP, not NCS. 
(A) Greyscale US image shows compression of the LRV in two sites, 
first am-LRV (arrow) between the AA and SMA, and second site poste- 


riorly by the RRA (open arrow). (B) CDUS image shows a bright- 
colored, high-velocity jetting flow (arrowheads) from the point where 
the LRV is compressed by the RRA (open arrow). (C) SDUS of the 
LRV shows a PFV of 155 cm/s 
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Fig. 2.33 A 31-year-old woman with microscopic hematuria and 
proteinuria due to type-2 NCS. (A)-(D) Greyscale US and SDUS 
images of the RK (A, B) and LK (C, D) show normal-sized and shaped 
kidneys with diffusely increased renal cortical echogenicity, obliterated 
corticomedullary contrast, and preserved Doppler RI. (E) Greyscale US 
image of the LRV shows compression of the LRV posteriorly by the 
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RRA (open arrow). (F) CDUS image shows a bright-colored, high- 
velocity jetting flow (arrowheads) from the point where the LRV is 
compressed by the RRA (open arrow). (G) SDUS of the LRV with the 
patient holding breath shows a PFV of 182 cm/s. (H) SDUS of the LRV 
with the patient keeping breathing shows a PFV of 199 cm/s 
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Fig. 2.4 A 79-year-old woman with microscopic hematuria and pro- the RRA and SMV-PV junction. (B) CDUS image shows bright- 
teinuria due to type-2 NCS. (A) Greyscale US image shows compres- colored, high-velocity flow (arrowheads) from the point where the LRV 
sion of the LRV posteriorly by the RRA (open arrow). Note a junction is compressed by the RRA (open arrow). (C) SDUS of the LRV shows 
of SMV and PV (arrow) is immediately anterior to the site of compres- a PFV of 173 cm/s 

sion by the RRA resulting in apparent compression of the LRV between 
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9 A 44-year-old man with bladder symptoms showed type-2 
NCP findings. His bladder symptoms may or may not be related to the 
NCP. (A, B) Greyscale US images in different phases of respiration 
show compression of the LRV posteriorly by the RRA (open arrow in 
A) in one phase of respiration and compression of the LRV between the 
AA and SMA (arrow in B) in another phase of respiration. (C) CDUS 


image shows bright-colored, high-velocity flow (arrowheads) from the 
point where the LRV is compressed by the RRA (open arrow). These 
CDUS findings indicate that the compression effect to LRV is mainly 
by the RRA and that in the am-LRV is insignificant. (D) SDUS of the 
LRV shows a PFV of 135 cm/s 
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Fig. 2.6 A 56-year-old woman with microscopic hematuria and pro- 
teinuria due to type-2 NCS. (A) Greyscale US image shows compression 
of the LRV posteriorly by the RRA (open arrow). (B) CDUS image 
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shows a bright-colored, high-velocity jetting flow (arrowheads) from 
the point where the LRV is compressed by the RRA (open arrow). (C) 
SDUS of the LRV shows pulsatile flow pattern with a PFV of 118 cm/s 
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Fig. 2.7 A 48-year-old woman with type-2 NCP. This patient had no arrow). (C) SDUS of the LRV shows pulsatile flow with a PFV of 
symptoms or signs related to NCP. (A) Greyscale US image shows 165 cm/s. (D, E) CECT images of the kidneys in the early cortical 
compression of the LRV posteriorly by the RRA (open arrow). (B) phase show a jetting of the contrast-opacified blood flow (arrowheads) 
CDUS image shows a bright-colored, high-velocity jetting flow (arrow- of the LRV where it is compressed by the RRA (open arrow) 

heads) from the point where the LRV is compressed by the RRA (open 
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-148 cm/s 


Fig. 2.8 A 24-year-old woman with microscopic hematuria and pro- the anterior margin of the LRV and IVC from the point where the LRV 
teinuria due to type-2 NCS. (A) Greyscale US image shows compres- is compressed by the RRA (open arrow). (C) SDUS of the LRV shows 
sion of the LRV posteriorly by the RRA (open arrow). (B) CDUS image pulsatile flow pattern with a PFV of 148 cm/s 

shows a bright-colored, high-velocity jetting flow (arrowheads) along 
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Fig. 2.9 A 74-year-old man with dizziness showed findings of type-2 
NCP. (A) Greyscale US image shows compression of the LRV 
posteriorly by the RRA (arrow). (B) CDUS image shows a bright-col- 
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ored, high-velocity jetting flow (arrowheads) from the point where the 
LRV is compressed by the RRA (open arrow). (C) SDUS of the LRV 
shows a PFV of 196 cm/s 
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Fig. 2.10 A 59-year-old woman with type-2 NCP. She did not have CDUS image shows a bright-colored, high-velocity jetting flow (arrow- 
any symptoms or signs related to NCP. (A) Greyscale US image shows heads) from the point where the LRV is compressed by the RRA (open 
compression of the LRV posteriorly by the RRA (open arrow). (B) arrow). (C) SDUS of the LRV shows a PFV of 110 cm/s 
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3. Type-3 NCP, LRV Stretched over AA 


Fig. 3.1 A 50-year-old man with type-3 NCP. He did not have any rior to the LRV is the third portion of the duodenum. (B) CDUS of the 
symptoms or signs related to NCP. (A) Greyscale US image shows the LRV shows bright-colored, high-velocity blood flow (arrowheads) 
LRV stretched over (arrows) the AA (a). The space between the AA (a) from the site where it is stretched over the AA (a). (C) SDUS of the 
and SMA (s) is wide. A linear hypoechoic structure (arrowheads) ante- high-velocity area of the LRV shows a PFV of 122 cm/s 
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| A 68-year-old man with type-3 NCP. He did not have any where it is stretched over the AA (a). (C) SDUS of the high-velocity 
symptoms or signs related to NCP. (A) Greyscale US image of the RK area of the LRV with the patient holding the breath shows a PFV of 
shows echogenic papillary calcifications (arrows). (B) CDUS of the 125 cm/s. (D) SDUS of the high-velocity area of the LRV with the 
LRV shows bright-colored, high-velocity blood flow (arrowheads) patient keeping quiet breathing shows a PFV of 170 cm/s 
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Fig. 3.3 A 72-year-old man with type-3 NCP. He did not have any 
symptoms or signs related to NCP. (A) CDUS of the LRV shows bright- 
colored, high-velocity blood flow (arrowheads) from the site where it is 
stretched over the AA (a). (B) SDUS of the high-velocity area of the 


LRV shows a PFV of 127 cm/s. (C)-(E) CECT images of the kidneys 
show LRV (arrow) stretched over the AA and a jetting of the contrast- 
opacified blood along the nondependent anterior margin of the IVC 
(arrowheads) 
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Fig. 3.4 A 58-year-old man with renal cysts. He had proteinuria due to 
type-3 NCS. (A) Greyscale US image shows the LRV (arrow) stretched 
over the AA (a). (B) CDUS of the LRV shows bright-colored, high- 
velocity blood flow (arrowheads) from the site where it is stretched over 
the AA (a). (C) SDUS of the high-velocity area of the LRV shows a 
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PFV of 127 cm/s. (D, E) CECT images of the kidneys show the LRV 
(arrow) stretched over the AA. Note flow of the contrast-opacified 
blood along the non-dependent anterior margin of the IVC 
(arrowheads) 
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Fig. 3.5 A 72-year-old man with type-3 NCP. He did not have any _ bright-colored, high-velocity flow (arrowheads) from the site where the 
symptoms or signs related to NCP. (A) Greyscale US image shows the LRV is stretched over the AA (a). (C) SDUD of the LRV shows pulsa- 
LRV (arrows) stretched over the AA (a). (B) CDUS of the LRV shows tile flow pattern with a PFV of 168 cm/s 
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Fig. 3.6 A 64-year-old woman with microscopic hematuria and pro- colored, high-velocity blood flow (arrowheads) from the site where it is 
teinuria due to type-3 NCS. (A) Greyscale US image shows the LRV stretched over the AA (a). (C) SDUS of the high-velocity area of the 
(arrows) stretched over the AA (a). (B) CDUS of the LRV shows bright- LRV shows a PFV of 203 cm/s 
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Fig. 3.7 A 48-year-old woman with type-3 NCP. She did not have any where it is stretched over the AA (a). (C) SDUS of the high-velocity 
symptoms or signs related to NCP. (A) Greyscale US image shows the area of the LRV with the patient keeping quiet respiration shows a PFV 
LRV (arrows) stretched over the AA (a). (B) CDUS of the LRV shows of 178 cm/s 

bright-colored, high-velocity blood flow (arrowheads) from the site 
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Fig. 3.8 A 73-year-old man with microscopic hematuria and protein- 
uria due to type-3 NCS. (A) Greyscale US image shows the LRV 
(arrow) stretched over the AA (a). (B) CDUS of the LRV shows bright- 
colored, high-velocity blood flow (arrowheads) from the site where it is 
stretched over the AA (a). (C) SDUS of the high-velocity area of the 
LRV shows a PFV of 144 cm/s. (D, E) Greyscale US (D) and CDUS 
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(E) of the RK show an echogenic calyceal stone (arrow) with posterior 
sonic shadowing (arrowheads in D) and color twinkling artifacts 
(arrowheads in E). This patient’s hematuria may be caused either by 
calyceal stone or NCP, therefore the diagnosis of this patient is not NCS 
but NCP with a calyceal stone 
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Fig. 3.9 A 19-year-old woman with microscopic hematuria and pro- from the site where it is stretched over the AA. (B) SDUS of the high- 
teinuria due to type 3-NCS. (A) CDUS of the LRV shows dilated velocity area of the LRV shows a PFV of 189 cm/s 
h-LRV (h) and bright-colored, high-velocity blood flow (arrowheads) 
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Fig. 3.10 A 69-year-old man with NCP. He did not have any symp- colored, high-velocity blood flow (arrowheads) from the site where it is 
toms or signs related to NCP. (A) Greyscale US image shows the LRV stretched over the AA (a). (C) SDUS of the high-velocity area of the 
(arrow) stretched over the AA (a). (B) CDUS of the LRV shows bright- LRV shows a PFV of 181 cm/s 
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1 A 72-year-old woman with type-3 NCP. She did not have blood (arrowheads) from the site where the LRV (arrow) is stretched 
any symptoms or signs related to NCP (A, B from KIM SH 2019). (A) over the AA (a). (B) SDUS of the high-velocity area of the LRV shows 
CECT image of the kidneys shows a jetting of the contrast-opacified a PFV of 153 cm/s 
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Fi 12 A 55-year-old woman with microscopic hematuria due to velocity blood flow (arrowheads) from the site where it is stretched over 
type-3 NCS. (A) Greyscale US image shows the LRV (arrow) stretched the AA (a). (C) SDUS of the high-velocity area of the LRV shows a 
over the AA (a). (B) CDUS of the LRV shows bright-colored, high- | PFV of 182 cm/s 
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Fig. 3.13 A 72-year-old man with proteinuria due to type-3 NCS. (A) (arrowheads) from the site where it is stretched over the AA (a). (C) 
Greyscale US image shows the LRV (arrows) stretched over the AA (a). | SDUS of the high-velocity area of the LRV shows pulsatile flow pattern 
(B) CDUS of the LRV shows bright-colored, high-velocity blood flow” with a PFV of 150 cm/s 
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Fig. 3.14 A 64-year-old man with type-3 NCP. He did not have any _ bright-colored, high-velocity blood flow (arrowheads) from the site 
symptoms or signs related to NCP. (A) Greyscale US image shows the where it is stretched over the AA (a). (C) SDUS of the high-velocity 
LRV (arrow) stretched over the AA (a). (B) CDUS of the LRV shows area of the LRV shows a PFV of 113 cm/s 
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Fig. 3.15 A 52-year-old hypertensive man with type-3 NCP. He did blood flow (arrowheads) from the site where it is stretched over the AA 
not have hematuria or proteinuria. He reduced his weight by 15 kgin2 (a). (C) SDUS of the high-velocity area of the LRV shows pulsatile 
months. (A) Greyscale US image shows the LRV (arrow) stretched over. flow pattern with a PFV of 152 cm/s 

the AA (a). (B) CDUS of the LRV shows bright-colored, high-velocity 


Fig. 3.16 A 52-year-old man with gross hematuria due to type-3 NCS. (A, B) CECT images of the kidneys show the LRV stretched (arrows) over 
the AA 
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4. Mixed or Other Types 
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Fig. 4.1 A 56-year-old woman with NCP. She did not have any symp- 
toms or signs related to NCP. The pattern of NCP is a combination of 
type 1 and 2. (A) Greyscale US image of the LRV shows dilated h-LRV 
(h) and narrowed am-LRV (arrow) between the AA (a) and SMA (s). 
Also note the LRV is compressed posteriorly by the RRA (open arrow). 
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(B) CDUS of the LRV shows bright-colored, high-velocity blood flow 
(arrowheads) from the am-LRV and sluggish flow in the dilated h-LRV 
(h). (C) SDUS of the LRV at the high-velocity area shows a PFV of 
180 cm/s 
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Fig. 4.2 A 35-year-old man with NCP. He did not have any symptoms 
or signs related to NCP. The pattern of NCP is a combination of type 1 
and 2. (A) Greyscale US image of the LRV shows dilated h-LRV (h) 
and narrowed am-LRV (arrow) between the AA (a) and SMA (s). Also 
note the LRV is compressed posteriorly by the RRA (open arrow). (B) 


CDUS of the LRV shows bright-colored, high-velocity blood flow 
(arrowheads) from the am-LRV (arrow). Open arrow indicates the ori- 
gin of the RRA. (C) SDUS of the LRV at the high-velocity area shows 
a PFV of 128 cm/s 
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A 25-year-old man with NCP. He did not have any symptoms 
or signs related to NCP. The pattern of NCP is a combination of type | 
and 2. (A) Greyscale US image of the LRV shows dilated h-LRV (h) 
and narrowed am-LRV (arrow) between the AA (a) and SMA (s). Also 
note the LRV is compressed posteriorly by the RRA (open arrow). (B) 
CDUS of the LRV shows slightly bright, blue-colored blood flow 
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(black arrowhead) from the am-LRV (arrow) and brighter, various col- 
ored, higher velocity flow (white arrowheads) from the point where it is 
compressed by the RRA (open arrow). (C, D) SDUS images show the 
PFV of the LRV at the am-LRV was 147 cm/s (C) while it was 250 cm/s 
(D) where it is compressed by the RRA 
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Fig. 4.4 A 36-year-old woman with microscopic hematuria from the compressed posteriorly by the RRA (open arrow). (B) CDUS of the 
childhood and fluctuating GFR. The pattern of NCP is a combination of LRV shows bright-colored blood flow (arrowheads) from the am-LRV 
type 1 and 2. (A) Greyscale US image of the LRV shows narrowed am- (arrow). Note stagnant flow in the dilated h-LRV (h). (C) SDUS shows 
LRV (arrow) between the AA (a) and SMA (s). Also note the LRV is a PFV of 224 cm/s 
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Fig. 4.5 A 37-year-old woman with microscopic hematuria and pro- 
teinuria. The pattern of NCP is a combination of type 1 and 2. She has 
been diagnosed with IgA nephropathy with kidney biopsy and therefore 
her diagnosis is NCP, not NCS. (A) Greyscale US image of the LRV 
shows dilated h-LRV (h) and narrowed am-LRV (arrow). Also note the 
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LRV is compressed posteriorly by the RRA (open arrow). (B) CDUS of 
the LRV shows bright-colored, high-velocity blood flow (arrowheads) 
from the am-LRV (arrow). Open arrow indicates RRA. (C) SDUS of 
the LRV at high-velocity area shows a PFV of 144 cm/s 


Illustrations 
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Fi A 67-year-old man without any symptoms or signs related to 
NCP. In this patient, the pattern of NCP is a combination of type 1 and 
2. (A, B) Greyscale US (A) and CDUS (A) images of the LRV in one 
phase of the respiratory cycle show narrowed am-LRV (arrow), and 
bright-colored, high-velocity blood flow (arrowheads). (C, D) Greyscale 


US (C) and CDUS (D) images of the LRV in another phase of the respi- 
ratory cycle show the LRV is compressed posteriorly by the RRA (open 
arrow), and bright-colored, high-velocity blood flow (arrowheads) from 
the site where the LRV is compressed by the RRA. (E) SDUS shows a 
PFV of at SDUS was 210 cm/s 
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A 25-year-old woman with NCP. She did not have any symp- 
toms or signs related to NCP. The pattern of NCP has both features of 
type 1 and 2. (A) Greyscale US image of the LRV shows dilated h-LRV 
(h) and narrowed am-LRV (arrow). In this patient, compression of the 


am-LRV occurs not between the AA (a) and SMA (s) but between the 
RRA (open arrow) and SMA (s). (B) CDUS of the LRV shows bright- 
colored blood flow (arrowheads) from the am-LRV (arrow). Note stag- 
nant flow in the dilated h-LRV (h). (C) SDUS shows a PFV of 133 cm/s 


A 66-year-old woman with NCP. She did not have any symp- 
toms or signs related to NCP. The pattern of NCP has both features of 
type 1 and 2. (A) Greyscale US image of the LRV shows dilated h-LRV 
(h) and narrowed am-LRV (arrow). In this patient, compression of the 


am-LRV occurs not between the AA (a) and SMS (s) but between RRA 
and SMA (s). (B) CDUS of the LRV shows bright-colored blood flow 
(arrowheads) from the am-LRV (arrow). Open arrow indicates the 
RRA. (C) SDUS shows a PFV of 151 cm/s 
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Fig. 4.9 A 48-year-old woman with proteinuria. She has been diag- 
nosed with IgA nephropathy and therefore her diagnosis is NCP, not 
NCS. The pattern of NCP is a combination of type 2 and 3. (A, B) 
Greyscale US images show subtle compression of the LRV posteriorly 
by the RRA (open arrow in A) and subtle stretching (arrowheads in B) 


of the LRV over the AA. (C) CDUS image shows slightly bright blue- 
colored flow (black arrowhead) from the point where the LRV is 
stretched over the AA. Note brighter-colored flow (white arrowheads) 
anterior to the RRA (open arrow) indicating additional compression by 
the RRA. (D) SDUS of the LRV shows a PFV of 132 cm/s 
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i 0 An 84-year-old woman with microscopic hematuria and 
proteinuria due to NCS. The pattern of NCP is a combination of type 1 
and 3. (A)-(C) Greyscale US (A), CDUS (B), and SDUS (C) images of 
the LRV in one phase of the respiratory cycle show narrowed am-LRV 
(arrow), and bright-colored, high-velocity blood flow (arrowheads). 


The PFV at SDUS was 177 cm/s. (D)-(F) Greyscale US (D), CDUS 
(E), and SDUS (F) images of the LRV in another phase of the respira- 
tory cycle show stretched appearance of the LRV over the AA (a), and 
bright-colored, high-velocity blood flow (arrowheads). The PFV at 
SDUS was 146 cm/s 
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Fig.4.11 A 27-year-old woman with anomalous development of the AA (a). Also, the LRV is compressed posteriorly by the RRA (open arrow). 
and NCP. She did not have any symptoms and signs associated with NCP. (C) CDUS image shows slightly bright-colored, high-velocity flow 
(A) 3-D reconstruction image of CT angiography shows a complex (arrowheads) of the LRV. Open arrow indicates the origin of the RRA. a: 
anomaly of the AA. (B) Greyscale US image of the LRV shows subtle AA, s: SMA. (D) SDUS of the LRV shows a PFV of 139 cm/s 
compression of the am-LRV (arrow) between the SMA (s) and small AA 


Fig. 4.12 An 85-year-old man with gross hematuria due to NCS. In (arrow) of the LRV anterior to the AA (a). Note severe degenerative 
this patient, LRV narrowing is not caused by vascular compression but changes of the vertebrae 
has a pattern of a stricture. (A, B) CECT images show focal stricture 
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Fig. 4.13 


An 85-year-old man with NCP due to a LRV stricture. This patient underwent radical cystectomy and neobladder formation for bladder 


cancer and he had persistent microscopic hematuria on follow up. (A, B) CECT images show focal stricture (arrow) of the LRV 


Fig. 4.14 An 85-year-old man with NCP due to LRV stricture. This 
patient underwent radical cystectomy and neobladder formation for uri- 
nary bladder cancer and he had persistent microscopic hematuria on 
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NCP Associated with Congenital 
Variations of LRV and IVC 


Normally single LRV runs through the space between the 
AA and SMA. There are congenital variations of the LRV 
associated with NCP and NCS and one of them is retroaortic 
LRV. In retroaortic LRV, LRV runs posterior to the AA and is 
compressed in the narrow space between the AA and the ver- 
tebra. NCP and NCS occurring in retroaortic LRV are called 
posterior NCP and NCS, respectively. Opposite to the poste- 
rior NCP and NCS, those occurring in normally positioned 
LRV anterior to the AA are called anterior NCP and NCS, 
respectively. 

If LRV has both anterior and posterior arms encircling the 
AA, it is called circumaortic LRV. In circumaortic LRV, the 
preaortic arm ventral to the AA passes in the normal course 
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while the retroaortic arm runs caudally in the lower lumbar 
region. Usually, the preaortic and retroaortic arms are equal 
in size. Circumaortic LRV may be associated with anterior 
NCP, posterior NCP, or both anterior and posterior NCP. 

The congenital variations of IVC such as left-sided [VC 
or double IVC may be associated with NCP. In these [VC 
anomalies, a large amount of blood from the left lower 
extremity flows through the left-sided IVC and crosses the 
midline through the LRV together with the blood from the 
LK. Hence the blood flow from the LK is forced to compete 
with a large amount of blood flow from the left lower extrem- 
ity and therefore should flow through functionally narrow 
space resulting in NCP. 
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S. H. KIM, Radiology Illustrated: Nutcracker Phenomenon and Nutcracker Syndrome, Radiology Illustrated, 
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148 9 NCP Associated with Congenital Variations of LRV and IVC 


Illustrations 


1. NCP in Retroaortic LRV, Posterior NCP 
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Fig. 1.1 A 69-year-old woman with microscopic hematuria. (A) image shows bright-colored, high-velocity blood flow (arrowheads) of 
Schematic drawing of the retroaortic LRV. (B) Greyscale US image in the LRV. (D) SDUS with the patient keeping quiet respiration shows a 
the axial plane shows a retroaortic LRV. The LRV is compressed PFV of 174 cm/s 

(arrows) between the AA (a) and the vertebra (asterisk). (C) CDUS 
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Fig. 1.2 A 46-year-old woman with NCP. She did not have any symp- 
toms or signs associated with NCP. (A) Greyscale US image in the axial 
plane shows a retroaortic LRV. The LRV is compressed (arrows) 
between the AA (a) and the vertebra (asterisk). Note the h-LRV (h) is 


dilated. (B) CDUS shows no definite flow signals demonstrated in the 
narrowed LRV (arrows). Note stagnant flow signals in the dilated 
h-LRV (h). (C) SDUS of the narrowed retroaortic LRV shows no defi- 
nite venous flow signals 
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Fi 3 A 49-year-old woman with microscopic hematuria and pro- 
teinuria due to posterior NCS (C-E from KIM SH, 2019). (A) Greyscale 
US image in the axial plane shows a retroaortic LRV. The LRV is com- 
pressed (arrows) between the AA (a) and the vertebra (asterisk). (B) 
CDUS shows bright flow signals in the compressed retroaortic LRV 


(arrowheads). Note dilated h-LRV (h). (C) SDUS of the narrowed ret- 
roaortic LRV shows a PFV of 94.8 cm/s, which is slightly lower than 
the 100 cm/s criterion. (D, E) CECT images of the kidneys show com- 
pressed retroaortic LRV (arrow) and a jetting (arrowhead) of the 
contrast-opacified flow into the IVC 
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Fig. 1.4 A 51-year-old man with microscopic hematuria due to poste- _ contrast-opacified flow along the non-dependent anterior margin of the 
rior NCS. (A, B) CECT images show retroaortic LRV (arrow) com- IVC (arrowheads) 
pressed between the AA (a) and vertebra. Note flow of the 
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2. NCP in Circumaortic LRV 
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| A 25-year-old woman with proteinuria due to NCS from the 
childhood. She had a circumaortic LRV and NOP at the lower retroaor- 
tic arm. (A, B) Greyscale US (A) and CDUS (B) images show the upper 
preaortic arm (arrows) coursing between the AA (a) and SMA (s). (C, 
D) Greyscale US (C) and CDUS (D) images at a lower level show the 
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retroaortic arm (arrows) between the AA (a) and vertebra (asterisk). 
Note bright-colored, high-velocity flow (arrowheads) from the nar- 
rowed retroaortic portion of the LRV. h: h-LRV. (E) SDUS at the ret- 
roaortic arm shows a PFV of 208 cm/s 
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Fi A 63-year-old woman with microscopic hematuria due to a PFV of 106 cm/s. (D-F) Greyscale US (D), CDUS (E), and SDUS (F) 
NCS. She had a circumaortic LRV and NCP at the upper preaortic arm. images at a lower level show the retroaortic arm (arrows). Note no 
(A-C) Greyscale US (A), CDUS (B), and SDUS (C) images show bright-colored, high-velocity flow through the retroaortic arm (arrow- 
upper preaortic arm (arrows) coursing between the AA (a) and SMA heads) of the LRV on CDUS and the PFV was 65.4 cm/s at SDUS 

(s). CDUS shows bright-colored, high-velocity flow (arrowheads) with 
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A 57-year-old woman with horseshoe kidney and circumaor- 
tic LRV. She had NCP in the upper preaortic arm of the LRV. (A) 
Greyscale US image in the axial plane shows the lower parenchymal 
isthmus (arrows) of the horseshoe kidney. a: AA, v: IVC. (B, C) 
Greyscale (B) and CDUS (C) images slightly cranial to (A) show the 
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retroaortic arm of the circumaortic LRV (arrows). (D, E) Greyscale (D) 
and CDUS (E) images cranial to (B) and (C) show the preaortic arm of 
the circumaortic LRV with bright-colored, high velocity flow (arrow- 
heads). a: AA, s: SMA. (F) SDUS of the preaortic arm shows a PFV of 
106 cm/s 


Illustrations 


3. NCP in Left-Sided IVC 


Fig. 3.1 A 20-year-old man with gross hematuria due to NCS associ- 
ated with the left-sided IVC (D from KIM SH, 2019). (A, B) CECT 
images of the kidneys in the axial plane show a left-sided IVC (L) 
which joins the LRV (arrow) to form the right-sided suprarenal IVC 
(R). (C) Coronal reconstructed CECT image shows the left-sided IVC 
(L) which receives the contrast-opacified blood (arrow) from the LK. 
(D) SDUS of the LRV flow shows a PFV of 145 cm/s. (E) Left-sided 
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inferior venacavography shows functional narrowing of the flow at the 
LRV due to the large amount of the blood flow from the left lower 
extremity. The blood flow from the LK appears as filling defects 
(arrows) in this venacavography. NCP occurs because of this 
phenomenon of joining of the blood flow from the IVC and the LK. The 
pressure gradient across the LRV was 3 mmHg 
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Fig. 3.2 An 18-year-old man with gross hematuria due to NCS associ- the coronal plane shows the left-sided IVC (L) which receives the 
ated with the left-sided IVC. (A) Cystoscopy shows gross hematuria _contrast-opacified blood (arrow) from the LK. R: right-sided suprarenal 
from the left ureteral orifice (arrow). (B) CECT image reconstructed in IVC. (C) SDUS of the LRV flow shows a PFV of 182 cm/s 


Illustrations 


4. NCP in Double IVC 


Fig. 4.1 A 13-year-old boy with gross hematuria due to NCS associ- 
ated with the double IVC. (A-C) Serial CECT images of the kidneys in 
the axial plane show the double IVC (R, right-sided IVC; L, left-sided 
IVC). The left-sided IVC (L) joins the LRV (arrowheads) and drains 
into the right-sided suprarenal IVC (arrow). (D) SDUS of the LRV flow 
shows a PFV of 112.4 cm/s. (E) A catheter and a guidewire from the 


right IVC (arrows) to the left IVC (arrowheads). (F) Left renal venog- 
raphy shows a subtle compression effect in the am-LRV (arrows). The 
pressure gradient across the am-LRV was 4.9 mmHg. NCP occurs in 
this patient because a large amount of blood flow from the left lower 
body passes the LRV together with the blood from the LK. This mecha- 
nism of NCP is the same as that in left-sided IVC 


158 


9 NCP Associated with Congenital Variations of LRV and IVC 


l A 58-year-old woman with microscopic hematuria due to 
NCS. (A-D) Serial CECT images of the kidneys in the axial plane show 
double IVC (R, right-sided IVC; L, left-sided IVC). Note the contrast- 
opacified blood from the LK flows preferentially along the dependent 
posterior margin of the LRV (arrowheads). Also, note that the space 


between the AA (a) and SMA (s) is not narrow. (E) Greyscale US image 
shows the LRV is compressed posteriorly by the RRA (open arrow). (F) 
CDUS image shows bright-colored fast flow (arrowheads) of the LRV 
anterior to the RRA (open arrow). (G) SDUS of the LRV flow shows a 
PFV of 166 cm/s 
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Postural Variations of NCP and NCS 


The degree of compression of LRV in NCP and NCS cases 
may vary according to the postures of the patients. Usually, 
LRV compression is most severe in supine posture because 
of the weight of the bowels transmitted through the root of 
the mesentery. The compression effect is less severe in lat- 
eral decubitus, and it is least severe in prone posture. It was 
reported that the pressure gradient decreases when the patient 
leans forward (Barnes RW, 1988). Usually, Doppler US find- 
ings at upright posture are similar to the findings in the 
supine posture. 

The degree of LRV compression in lateral decubitus 
postures, either right lateral decubitus (RLD) or left lat- 
eral decubitus (LLD), is usually less severe than in the 
supine posture. Among the lateral decubitus postures, 
LRV compression is usually less severe in LLD than in 
RLD. Usually, in LLD posture, SMA moves down to the 
left side and therefore the space between AA and SMA 
becomes wider and the degree of LRV compression 
becomes less severe than in supine posture. In RLD pos- 
ture, the mesenteric root containing SMA moves to the 
right side but cannot move far because of the liver. 
Sometimes, SMA moves slightly and the LRV is more 
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severely compressed than in LLD posture. Infrequently, 
the LRV compression effect in RLD posture is more 
severe than that in the supine posture. 

These variations of the severity of LRV compression 
according to the posture of the patients may be demonstrated 
with the US by the difference in morphology of the LRV at 
gray-scale US, color flow signals at CDUS, and PFV mea- 
sured with SDUS. From these Doppler US findings, we may 
recommend better sleeping posture to the patients. 
Theoretically, the prone posture is the best in terms of the 
degree of LRV compression but usually, it is not easy to 
sleep in the prone posture. Therefore, I usually recommend 
the NCP and NCS patients to have a habit of sleeping in LLD 
posture and recommend them to use a long pillow to hug 
with arms and legs. Then it will be easier for them to have a 
habit of sleeping in the left-down semi-prone posture. Also, 
this information of variation of LRV compression according 
to the posture of the patients may be useful in estimating the 
degree of adhesion around the SMA in the mesenteric root, 
which may be important in planning surgical or interven- 
tional management of the NCS patients with intractable 
symptoms or signs. 
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Illustrations 


1. NCP Similar at Supine and Lateral 
Decubitus Postures 


j. 1.1 A 24-year-old 
woman with congenital 
megaureter and 
megacalycosis of the right 
urinary tract. She had 
intermittent left flank pain. In 
this patient, the SMA does not 
move widely according to the 
patient’s posture and the 
degree of the LRV 
compression does not vary 
widely. (A)-(C) Greyscale 
US (A), CDUS (B), and 
SDUS (C) images of the LRV 
in supine posture. The LRV is 
compressed (arrow) between 
the AA and SMA. CDUS 
shows bright-colored, 
high-velocity flow 
(arrowheads) and SDUS 
shows a PFV of 167 cm/s. 
(D)-(F) Greyscale US (D), 
CDUS (E), and SDUS (F) 
images of the LRV in LLD 
posture. SMA (s) is moved 
slightly to the left side and the 
LRV appears stretched over 
the AA. CDUS shows 
bright-colored, high-velocity 
flow (arrowheads) and SDUS 
shows a PFV of 108 cm/s. 
(G)-(1) Greyscale US (G), 
CDUS (H), and SDUS (Œ) 
images of the LRV in RLD 
posture. The preaortic 
location of the SMA (s) is 
similar to that in the supine 
posture and the LRV is 
compressed tightly between 
the AA and SMA. CDUS 
shows bright-colored, 
high-velocity flow 
(arrowheads) and SDUS 
shows a PFV of 185 cm/s 
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2 A 24-year-old woman with proteinuria due to NCS. In this 
patient, the SMA does not move significantly according to the patient’s 
posture and the LRV compression was not relieved in lateral decubitus 
postures. The PFV was the highest in the RLD posture. (A)-(C) 
Greyscale US (A), CDUS (B), and SDUS (C) images of the LRV in 
supine posture. The LRV is compressed (arrow) between the AA and 
SMA. CDUS shows bright-colored, high-velocity flow signals (arrow- 
heads) and SDUS of the LRV shows a PFV of 227 cm/s. (D)-(F) 
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Greyscale US (D), CDUS (E), and SDUS (F) images of the LRV in 
LLD posture. SMA (s) moved just slightly from the supine posture. 
CDUS shows bright-colored flow (arrowheads) and SDUS shows a 
PFV of 152 cm/s. (G)-(D Greyscale US (G), CDUS (H), and SDUS (ID 
images of the LRV in the RLD posture. The position of the SMA (s) 
changed just slightly to the right side and the LRV is compressed 
(arrow) between the AA and SMA. CDUS shows bright-colored flow 
signals (arrowheads) and SDUS shows a PFV of 237 cm/s 
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l A 42-year-old woman with left back pain probably due to 
NCS. She did not have hematuria or proteinuria. (A)-(C) Greyscale US 
(A), CDUS (B), and SDUS (C) images of the LRV in the supine pos- 
ture. The LRV is slightly compressed (arrow) between the AA and 
SMA and also compressed posteriorly by the RRA (open arrow). CDUS 
shows bright-colored, high-velocity flow signals (arrowheads) and 
SDUS of the LRV shows a PFV of 155 cm/s. (D)-(F) Greyscale US 
(D), CDUS (E), and SDUS (F) images of the LRV in the LLD posture. 
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SMA (s) moved to the left side and now the LRV appears stretched over 
the AA and is compressed posteriorly by the RRA (open arrow). CDUS 
shows bright-colored flow (arrowheads) and SDUS shows a PFV of 
151 cm/s. (G)—(I) Greyscale US (G), CDUS (H), and SDUS (I) images 
of the LRV in the RLD posture. The position of the SMA (s) is moved 
to the right side and the LRV is stretched over the AA. CDUS shows 
bright-colored flow signals (arrowheads) and SDUS shows a PFV of 
129 cm/s 


Illustrations 


Fig. 1.4 A 72-year-old man with NCP. He did not have any symptoms 
or signs related to NCP. (A, B) CDUS (A) and SDUS (B) images of the 
LRV in the supine posture. CDUS shows the LRV stretched over the 
AA and bright-colored, high-velocity flow signals (arrowheads) in the 
LRV. The PFV of the LRV at SDUS was 106 cm/s. The space between 
the AA (a) and SMA (s) is not narrow. (C, D) CDUS (C), and SDUS 
(D) images of the LRV in the LLD posture. SMA moved to the left side 
(not seen in this image) and the LRV is stretched similarly over the AA 
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(a) with bright-colored, high-velocity flow in the LRV (arrowheads). 
SDUS shows a PFV of 116 cm/s. (E, F) CDUS (E), and SDUS (F) 
images of the LRV in the RLD posture. On the CDUS image, the SMA 
(s) moved slightly to the right side and the space between the AA (a) 
and SMA (s) is narrow. Still the LRV is stretched over the AA (a) and 
there is bright-colored, high-velocity flow (arrowheads) in the 
LRV. SDUS shows a PFV of 133 cm/s 
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5 A 72-year-old man with microscopic hematuria due to NCS. 
(A)-(C) Greyscale US (A), CDUS (B), and SDUS (C) images of the 
LRV in the supine posture. The LRV is slightly compressed (arrow) 
between the AA and SMA and also compressed posteriorly by the RRA 
(open arrow). CDUS shows bright-colored, high-velocity flow signals 
(arrowheads) and SDUS of the LRV shows a PFV of 82.3 cm/s. (D)-(F) 
Greyscale US (D), CDUS (E), and SDUS (F) images of the LRV in the 
LLD posture. SMA (s) moved slightly to the left side and now the LRV 


is mainly compressed posteriorly by the RRA (open arrow). CDUS 
shows bright-colored flow (arrowheads) from the point where the LRV 
is compressed by the RRA (open arrow). SDUS shows a PFV of 
114 cm/s. (G)-(D Greyscale US (G), CDUS (H), and SDUS (I) images 
of the LRV in the RLD posture. The SMA (s) moved slightly to the right 
preaortic location and the LRV is mainly compressed (arrow) between 
the AA and SMA. CDUS shows bright-colored flow signals (arrow- 
heads) from the am-LRV. SDUS shows a PFV of 133 cm/s 


Illustrations 


2. NCP Relieved at Both LLD and RLD Postures 


A 26-year-old man with proteinuria due to NCS. (A, B) 
CDUS (A) and SDUS (B) images of the LRV in the supine posture. 
CDUS shows slightly stretched LRV over the AA (a) and bright- 
colored, high-velocity blood flow (arrowheads) into the IVC. Note the 
space between the AA (a) and SMA (s) is not narrow. The PFV at SDUS 
was 169 cm/s. (C, D) CDUS (C) and SDUS (D) images of the LRV in 
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the LLD posture. CDUS shows SMA (s) moved to the left side and the 
LRV is not compressed or stretched over the AA (a). The PFV at SDUS 
was 72.3 cm/s. (E, F) CDUS (E) and SDUS (F) images of the LRV in 
the RLD posture. CDUS shows SMA (s) moved to the right side and the 
LRV is not compressed or stretched over the AA. The PFV at SDUS 
was 47.8 cm/s 
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Fig. 2.2 A 72-year-old man with type-3 NCP. He had fluctuating 
GFR. Note variable Doppler US findings of the LRV compression and 
the movability of mesenteric root containing SMA (s) in different pos- 
tures of the patient. (A)—(C) Greyscale (A), CDUS (B), and SDUS (C) 
images of the LRV in the supine posture show the LRV stretched 
(arrows) over the AA (a) with bright-colored, high-velocity blood flow 
(arrowheads) in the LRV. The PFV at SDUS was 168 cm/s. (D)-(F) 
Greyscale (D), CDUS (E), and SDUS (F) images of the LRV in the 
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LLD posture show the LRV stretched (arrows) over the AA (a) with less 
prominent bright-colored blood flow (arrowheads) of the LRV than in 
the supine posture. The PFV at SDUS was 74.4 cm/s. (G)—(I) Greyscale 
(G), CDUS (H), and SDUS (I) images of the LRV in the RLD posture 
show the LRV stretched (arrows) over the AA (a) with less prominent 
bright-colored blood flow (arrowheads) of the LRV than in the supine 
posture. The PFV at SDUS was 74.3 cm/s 


Illustrations 


Fi A 33-year-old woman with proteinuria due to NCS. (A)-(C) 
Greyscale US (A), CDUS (B), and SDUS (C) images of the LRV in the 
supine posture. Greyscale US shows the LRV is compressed (arrow) 
between the AA and SMA and also posteriorly by the RRA (open 
arrow). CDUS shows bright-colored, high-velocity blood flow (arrow- 
heads) and the PFV at SDUS was 180 cm/s. (D)-(F) Greyscale US (D), 
CDUS (E), and SDUS (F) images of the LRV in the LLD posture. SMA 
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(s) moved to the left side and the LRV appears slightly compressed by 
the RRA (open arrow). The PFV was 80.1 cm/s, which is much lower 
than that in the supine posture. (G)-(I) Greyscale US (G), CDUS (H), 
and SDUS (I) images of the LRV in the RLD posture. SMA (s) moved 
to the right preaortic location and the LRV appears compressed between 
the AA and SMA. The PFV was 60.9 cm/s, the lowest among three pos- 
tures, but the Doppler spectra shows pulsatile pattern 
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A 56-year-old man with gout. He did not have any symptoms 
or signs related to NCP. (A)-(C) Greyscale (A), CDUS (B), and SDUS 
(C) images of the LRV in the supine posture show the LRV compressed 
posteriorly by the RRA (open arrow) and bright-colored, high-velocity 
flow (arrowheads) in the LRV. The PFV at SDUS was 155 cm/s. (D)- 
(F) Greyscale (D), CDUS (E), and SDUS (F) images of the LRV in the 
LLD posture show relieved compression by the RRA and smooth flow 
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of low velocity (arrowheads). SDUS shows a PFV of 34.7 cm/s. (G)-(1) 
Greyscale (G), CDUS (H), and SDUS (I) of the LRV in the RLD pos- 
ture. Greyscale US image shows dilated h-LRV (h). CDUS does not 
show smooth flow as in the LLD posture (E) and the PFV at SDUS was 
62 cm/s. Compare spectral patterns of the LRV flow in the LLD (F) and 
RLD (I) postures. You may notice much more pulsatile flow pattern in 
the RLD posture 


Illustrations 
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A 23-year-old man with proteinuria. He was diagnosed with 
IgA nephropathy at kidney biopsy. His proteinuria may be caused either 
by NCP or IgA nephropathy. (A)-(C) Greyscale (A), CDUS (B), and 
SDUS (C) images of the LRV in the supine posture show compression 
of the am-LRV (arrow) and bright-colored, high-velocity flow (arrow- 
heads) in the LRV. The PFV at SDUS was 173 cm/s. (D)-(F) Greyscale 
(D), CDUS (E), and SDUS (F) images of the LRV in the LLD posture 
show movement of the SMA (s) to the left side and LRV compression 
is much relieved. The PFV at SDUS was 78.7 cm/s. (G)-(I) Greyscale 
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(G), CDUS (H), and SDUS (I) images of the LRV in the RLD posture. 
Greyscale US image shows the SMA (s) moved to the right side and 
causes compression of the LRV between the AA (a) and SMA (s) with 
dilated h-LRV (h). CDUS shows bright-colored, high-velocity flow 
(arrowheads) between the AA (a) and SMA (s). SDUS shows pulsatile 
flow pattern and the PFV was 49.3 cm/s. Compare spectral patterns of 
the LRV flow in the LLD (F) and RLD (D postures. You may notice 
much more pulsatile flow pattern in the RLD posture than in the LLD 
posture 
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3. NCP Relieved Best at LLD Posture 


A 50-year-old man with NCP. He did not have any symptoms 
or signs related to NCP. He lost weight 10 kg recently. (A, B) CDUS 
(A) and SDUS (B) of the LRV in the supine posture. CDUS image 
shows the LRV is stretched over the AA (a) and bright-colored, high- 
velocity blood flow (arrowheads). The space between the AA (a) and 
SMA (s) is not narrow. The PFV at SDUS was 159 cm/s. (C, D) CDUS 
(C) and SDUS (D) of the LRV in the LLD posture. CDUS image shows 
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the LRV is less stretched over the AA (a) and does not show high- 
velocity flow signals. The PFV at SDUS was 57.9 cm/s. (E, F) CDUS 
(E) and SDUS (F) of the LRV in the RLD posture. On CDUS, the LRV 
is severely compressed between the AA (a) and SMA (s) and there are 
bright-colored, high-velocity flow signals (arrowheads) from the 
am-LRV. Note absent flow signals in the dilated h-LRV (h) indicating 
severe obstruction at the am-LRV. The PFV at SDUS was 304 cm/s 


Illustrations 
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Fig. 3.2 A 35-year-old man with microscopic hematuria, proteinuria, 
and left flank pain due to NCS. (A)-(C) Greyscale US (A), CDUS (B), 
and SDUS (C) of the LRV in the supine posture. Greyscale US shows 
compression of the am-LRV (arrow) between the AA (a) and SMA (s). 
CDUS image shows bright-colored, high-velocity blood flow (arrow- 
heads) through the narrowed am-LRV. The PFV at SDUS was 141 cm/s. 
(D) CECT image of the kidneys shows mild compression of the am- 
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LRV and a jetting of the contrast-opacified blood flow (arrowheads). 
(E)-(G) Greyscale US (E), CDUS (F), and SDUS (G) of the LRV in the 
LLD posture. Greyscale US shows SMA (s) moved to the left side and 
compression of the am-LRV is much relieved. CDUS image shows no 
high-velocity flow in the LRV and the PFV at SDUS was 51.8 cm/s. He 
used to sleep in the flat supine posture but after US examination he 
changed to sleep in LLD, and his left flank pain disappeared in a week 
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A 74-year-old man with microscopic hematuria and protein- 
uria due to NCS. (A)-(C) Greyscale US (A), CDUS (B), and SDUS (C) 
of the LRV in the supine posture. Greyscale US shows the LRV stretched 
(arrows) over the AA (a) and dilated h-LRV (h). SMA (s) locates quite 
left-sided and the space between the AA (a) and SMA (s) is wide. CDUS 
image shows bright-colored, high-velocity blood flow (arrowheads) 
from the site where the LRV is stretched over the AA (a) and the PFV at 
SDUS was 147 cm/s. (D)-(F) Greyscale US (D), CDUS (E), and SDUS 


(F) of the LRV in the LLD posture. Greyscale US shows stretching of 
the LRV is much relieved and CDUS image shows no high-velocity flow 
in the LRV. The PFV at SDUS was 101 cm/s. (G)-(D Greyscale US (G), 
CDUS (H), and SDUS (I) of the LRV in the RLD posture. SMA (s) 
moved to the preaortic location and causes compression of the am- 
LRV. CDUS image shows bright-colored flow (arrowheads). SDUS 
shows pulsatile flow pattern and the PFV was 146 cm/s. Note absent 
flow signals in the h-LRV (h) indicating stagnant flow 


Illustrations 
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A 37-year-old man with NCP. He did not have any symptoms 
and signs related to NCP. (A)-(C) Greyscale US (A), CDUS (B), and 
SDUS (C) of the LRV in the supine posture. Greyscale US shows the 
am-LRV is compressed (arrow) between the AA (a) and SMA (s) and 
the h-LRV (h) is dilated. CDUS image shows bright-colored, high- 
velocity blood flow (arrowheads) from the am-LRV. The PFV at SDUS 
was 151 cm/s. (D)-(F) Greyscale US (D), CDUS (E), and SDUS (F) of 
the LRV in the LLD posture. Greyscale US shows SMA moved to the 


175 


left side (not seen in this image due to bowel gas) and the compression 
is relieved. CDUS image shows no high-velocity flow in the LRV. The 
PFV at SDUS was 31.2 cm/s. (G)-(I1) Greyscale US (G), CDUS (H), 
and SDUS (I) of the LRV in the RLD posture. SMA (s) moved back to 
the preaortic location and causes compression of the am-LRV (arrow). 
CDUS image shows bright-colored flow (arrowheads) and absent flow 
signals in the dilated h-LRV (h) indicating stagnant flow. The PFV at 
SDUS was 149 cm/s 
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A 36-year-old man with microscopic hematuria and protein- 
uria due to NCS. (A)-(C) Greyscale US (A), CDUS (B), and SDUS (C) 
of the LRV in the supine posture. Greyscale US shows the am-LRV is 
compressed (arrow) between the AA (a) and SMA (s) and the h-LRV 
(h) is dilated. CDUS image shows bright-colored, high-velocity blood 
flow (arrowheads) from the am-LRV. The PFV at SDUS was 316 cm/s. 
(D, E) Greyscale US (D) and SDUS (E) of the LRV in the LLD posture. 
Greyscale US shows SMA (s) slightly moved to the left side and the 
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am-LRV compression and the h-LRV (h) dilatation are relieved. The 
PFV at SDUS was 75.4 cm/s. (F)-(H) Greyscale US (F), CDUS (G), 
and SDUS (H) of the LRV in the RLD posture. SMA (s) moved to the 
right side and now the LRV is stretched (arrow) over the AA (a) and the 
h-LRV (h) is dilated again. CDUS image shows bright-colored flow 
(arrowheads) in the stretched LRV. SDUS shows pulsatile flow pattern 
and the PFV at SDUS was 207 cm/s 


Illustrations 
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A 29-year-old woman with proteinuria due to NCS. (A)-(C) 
Greyscale US (A), CDUS (B), and SDUS (C) of the LRV in the supine 
posture. Greyscale US shows the am-LRV is compressed (arrow) 
between the AA (a) and SMA (s) and the h-LRV (h) is dilated. CDUS 
image shows bright-colored, high-velocity blood flow (arrowheads) 
from the am-LRV. The PFV at SDUS was 261 cm/s. (D)—(F) Greyscale 
US (D), CDUS (E), and SDUS (F) of the LRV in the LLD posture. 


Greyscale US shows SMA (s) moved slightly to the left side and the 
am-LRV compression is relieved. The PFV at SDUS was 42.1 cm/s. 
(G)-(I) Greyscale US (G), CDUS (H), and SDUS (I) of the LRV in the 
RLD posture. SMA (s) moved back to the preaortic location and the 
am-LRV is again compressed between the AA (a) and SMA (s). CDUS 
image shows bright-colored flow (arrowheads) and the PFV at SDUS 
was 108 cm/s 
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Fig. 3.7 A 31-year-old man with NCP. He did not have any symptoms 
or signs related to NCP. (A)-(C) Greyscale US (A), CDUS (B), and 
SDUS (C) images of the LRV in the supine posture. Greyscale US 
shows compression of the LRV (arrow) between the AA (a) and SMA 
(s). CDUS image shows bright-colored, high-velocity blood flow 
(arrowheads) of the LRV distal to the am-LRV, and SDUS showed a 
PFV of 150 cm/s. (D)—-(F) Greyscale US (D), CDUS (E), and SDUS (F) 
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of the LRV in the LLD posture. Greyscale US shows SMA (s) moved to 
the left side and LRV compression is relieved. CDUS image shows no 
high-velocity flow in the LRV, and the PFV at SDUS was 49.2 cm/s. 
(G) Greyscale US (F), CDUS (G), and SDUS (H) of the LRV in the 
RLD posture. SMA (s) moved to the right side and causes compression 
of the LRV (arrow). CDUS shows bright-colored, high-velocity flow 
signals (arrowheads) and the PFV at SDUS was 105 cm/s 


Illustrations 


s 
LRV RLO '' 


A 77-year-old man with NCP. He had voiding difficulty that 
may be related to the NCP. (A)-(C) Greyscale US (A), CDUS (B), and 
SDUS (C) of the LRV in the supine posture. Greyscale US shows 
dilated h-LRV (h) and compression of the am-LRV (arrow) between the 
AA (a) and SMA (s). CDUS image shows bright-colored, high-velocity 
blood flow (arrowheads) through the narrowed am-LRV. Note absent 
flow signals in the dilated h-LRV (h) indicating stagnant flow. SDUS 
shows pulsatile flow pattern and the PFV was 146 cm/s. (D)-(F) 
Greyscale US (D), CDUS (E), and SDUS (F) of the LRV in the LLD 
posture. Greyscale US shows SMA (s) moved slightly to the left side 
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and compression of the am-LRV is much relieved. CDUS image shows 
no high-velocity flow in the LRV and the PFV at SDUS was 85.5 cm/s. 
Note antegrade flow signals in the less dilated h-LRV (h). (G)-(D 
Greyscale US (G), CDUS (H), and SDUS (I) of the LRV in the RLD 
posture. SMA (s) moved back to the preaortic location and causes com- 
pression of the am-LRV (arrow) and the h-LRV (h) is dilated again. 
CDUS shows bright-colored flow (arrowheads) from the am-LRV and 
the PFV at SDUS was 218 cm/s. Note absent flow signals in the dilated 
h-LRV indicating stagnant flow 
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F A 52-year-old woman with proteinuria due to NCS. (A, B) 
Greyscale US (A) and CDUS (B) of the LRV in the supine posture. 
Greyscale US shows compression of the LRV (arrow) between the AA 
(a) and SMA (s). CDUS image shows no flow signals in the h-LRV (h) 
and SDUS showed no flow signals across the am-LRV (not shown). 
(C)-(E) Greyscale US (C), CDUS (D), and SDUS (E) of the LRV in the 
LLD posture. Greyscale US shows SMA (s) moved slightly to the left 
side and the LRV compression is slightly relieved. CDUS image shows 
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bright-colored, high-velocity flow (arrowheads) in the LRV and the 
PFV at SDUS was 95.5 cm/s. Note prominent flow signals in the h-LRV 
(h). (F)-(H) Greyscale US (F), CDUS (G), and SDUS (H) of the LRV 
in the RLD posture. SMA (s) moved to the preaortic location again and 
causes compression of LRV between the SMA (s) and AA (a). CDUS 
shows absent flow signals in the h-LRV (h) and SDUS shows no defi- 
nite flow signals across the am-LRV 


Illustrations 


4. NCP Relieved Best at RLD Posture 
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A 61-year-old woman with microscopic hematuria and pro- 
teinuria due to NCS. (A)-(C) Greyscale US (A), CDUS (B), and SDUS 
(C) of the LRV in the supine posture. Greyscale US shows slight com- 
pression of the am-LRV (arrow) between the AA (a) and SMA (s) and 
also compression of the LRV posteriorly by the RRA (open arrow). 
CDUS image shows bright-colored, high-velocity blood flow (arrow- 
heads) from the site where the LRV is compressed by the RRA (open 
arrow). The PFV at SDUS was 181 cm/s. (D)-(F) Greyscale US (D), 
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CDUS (E), and SDUS (F) of the LRV in the LLD posture. Greyscale 
US shows SMA (s) moved slightly to the left side. CDUS image shows 
bright-colored flow signals (arrowheads) anterior to the RRA (open 
arrow) and the PFV at SDUS was 117 cm/s. (G)-(I) Greyscale US (G), 
CDUS (H), and SDUS (I) of the LRV in the RLD posture. SMA (s) 
moved to the right side and LRV is not compressed. CDUS shows no 
bright-colored flow signals in the LRV and the PFV at SDUS was 
40 cm/s 
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A 58-year-old woman with microscopic hematuria and protein- 
uria due to NCS. (A)-(C) Greyscale US (A), CDUS (B), and SDUS (C) 
of the LRV in the supine posture. Greyscale US shows compression of the 
am-LRV (arrow) between the AA (a) and SMA (s) and also compression 
of the LRV posteriorly by the RRA (open arrow). CDUS image shows 
bright-colored, high-velocity blood flow (arrowheads) from the site 
where the LRV is compressed by the RRA (open arrow) and the PFV at 
SDUS was 186 cm/s. (D)-(F) Greyscale US (D), CDUS (E), and SDUS 


(F) of the LRV in the LLD posture. Greyscale US shows SMA (s) moved 
to the left side and the LRV appears stretched (arrow) over the AA (a). 
CDUS image shows bright-colored flow signals (arrowheads) from the 
site where the LRV is stretched and the PFV at SDUS was 134 cm/s. 
(G)-(D Greyscale US (G), CDUS (H), and SDUS (T) of the LRV in the 
RLD posture. SMA (s) moved to the right side and the LRV appears 
slightly stretched (arrow) over the AA (a). CDUS shows bright-colored 
flow signals (arrows) in the LRV and the PFV at SDUS was 69.4 cm/s 
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5. NCP at Standing or Knee-Elbow Posture 


A 27-year-old man with 
foamy urine probably due to 
NCS. (A)-(C) Greyscale US (A), 
CDUS (B), and SDUS (C) of the 
LRV in the supine posture. 
Greyscale US shows compres- 
sion of the am-LRV (arrow) 
between the AA (a) and SMA (s) 
and dilated h-LRV (h). CDUS 
image shows bright-colored, 
high-velocity blood flow 
(arrowheads) from the am-LRV 
and the PFV at SDUS was 
194 cm/s. (D)-(F) Greyscale US 
(D), CDUS (E), and SDUS (F) of 
the LRV in the LLD posture. 
Greyscale US shows SMA (s) 
moved to the left side and the 
compression is relieved. CDUS 
image shows no bright-colored 
flow signals in the LRV and the 
PFV at SDUS was 79.3 cm/s. 
(G)-(D Greyscale US (G), 
CDUS (H), and SDUS (T) of the 
LRV in the RLD posture. SMA 
(s) moved back to the preaortic 
location and the am-LRV (arrow) 
is compressed. CDUS shows 
bright-colored flow signals 
(arrowheads) from the am-LRV 
and the PFV at SDUS was 
105 cm/s. (J)—(L) Greyscale US 
(J), CDUS (K), and SDUS (L) of 
the LRV in the standing posture. 
The findings of the compression 
at the am-LRV (arrow) and 
bright-colored flow signals 
(arrowheads) are similar to that 
in the supine posture. The PFV at 
SDUS was 121 cm/s which is 
lower than that in the supine 
posture 
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Fig. 5.2 A 29-year-old woman with proteinuria for 20 years due to 
NCS. (A)-(C) Greyscale US (A), CDUS (B), and SDUS (C) of the 
LRV in the supine posture. Greyscale US shows compression of the 
am-LRV (arrow) between the AA (a) and SMA (s). CDUS image shows 
bright-colored, high-velocity blood flow (arrowheads) from the am- 
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LRV and the PFV at SDUS was 170 cm/s. (D)-(F) SDUS images of the 
LRV show a PFV of 108 cm/s in LLD (D), 79 cm/s in RLD (E), and 
277 cm/s in the standing postures. In this patient, the PFV in standing is 
higher than in the supine posture 


Illustrations 
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Fi .3 A 35-year-old man with left flank pain due to NCS. (A)-(F) 
CDUS images of the LRV in various postures, supine (A), LLD (B), 
RLD (C), knee-elbow (D), sitting (E), and standing (F). Note dilated 
h-LRV (h) without flow signals indicating severe obstruction of the am- 
LRV and stagnant flow in the supine (A), sitting (E), and standing (F) 


postures. In the LLD and RLD postures (B, C) and knee-elbow posture 
(D), the h-LRV is filled with the homogeneous red-colored flow signals 
(h) and there are bright-colored, high-velocity flow signals (arrow- 
heads) from the am-LRV. Note different locations of the SMA (s) in 
various postures 
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6. Movability of Mesenteric Root According 
to the Postural Changes 


10 Postural Variations of NCP and NCS 


Fig. 6.1 A 46-year-old man with microscopic hematuria and protein- 
uria due to NCS. (A)-(C) Greyscale US (A), CDUS (B), and SDUS (C) 
of the LRV in the supine posture. Greyscale US shows dilated h-LRV 
(h) and compression of the am-LRV (arrow) between the AA (a) and 
SMA (s). CDUS image shows bright-colored, high-velocity blood flow 
(arrowheads) through the narrowed am-LRV. Note stagnant flow in the 
dilated h-LRV (h). The PFV at SDUS was 237 cm/s. (D)-(F) Greyscale 
US (D), CDUS (E), and SDUS (F) of the LRV in the LLD posture. 


Greyscale US shows SMA (s) moved to the left side and much-relived 
compression of the LRV between the AA (a) and SMA (s). CDUS 
image shows no bright-colored, high-velocity flow signals in the LRV 
and the PFV at SDUS was 54 cm/s. (G)-(I) Greyscale US (G), CDUS 
(H), and SDUS (D of the LRV in the RLD posture. SMA (s) moved 
back to the preaortic location and causes compression of the am-LRV 
(arrow). CDUS shows slightly bright-colored flow signals (arrowheads) 
and the PFV at SDUS was 80.9 cm/s 


Illustrations 
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2 A 65-year-old woman with NCP. She did not have any symp- 
toms or signs related to NCP. In this patient, the SMA did not move 
widely and the degree of LRV compression did not change widely 
according to the posture changes of the patient. (A)-(C) Greyscale US 
(A), CDUS (B), and SDUS (C) of the LRV in the supine posture. The 
LRV is stretched (arrow) over the AA (a). CDUS shows bright-colored, 
high-velocity flow signals (arrowheads). SDUS of the LRV shows pul- 
sating flow pattern with a PFV of 130 cm/s. s: SMA. (D)-(F) Greyscale 


US (D), CDUS (E), and SDUS (F) of the LRV in the LLD posture. 
SMA (s) did not change its position from the supine posture. CDUS 
shows bright-colored flow (arrowheads) and SDUS shows a PFV of 
76.5 cm/s. (G)-(D Greyscale US (G), CDUS (H), and SDUS (T) of the 
LRV in the RLD posture. The position of the SMA (s) did not move 
significantly to the right and the LRV is stretched over the AA (a). 
CDUS shows bright-colored flow signals (arrowhead) and SDUS shows 
a PFV of 114 cm/s 


188 


Vel -178 cm's | 


LRV’ REO ' 


A 32-year-old woman with proteinuria due to NCS. In this 
patient, the SMA did not move widely and the degree of the LRV com- 
pression did not change widely according to the posture changes of the 
patient. (A)-(C) Greyscale US (A), CDUS (B), and SDUS (C) of the 
LRV in the supine posture. The LRV is compressed (arrow) between the 
AA (a) and SMA (s) and also posteriorly by the RRA (open arrow). 
CDUS shows bright-colored, high-velocity flow (arrowheads) and 
SDUS shows a PFV of 177 cm/s. h: h-LRV. (D)-(F) Greyscale US (D), 
CDUS (E), and SDUS (F) of the LRV in the LLD posture. SMA (s) is 
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moved slightly to the left side but the am-LRV is similarly compressed 
between the AA (a) and SMA (s). CDUS shows bright-colored flow 
signals (arrowhead). SDUS shows a PFV of 132 cm/s. h: h-LRV. (G)- 
(D Greyscale US (G), CDUS (H), and SDUS (I) of the LRV in the RLD 
posture. The position of the SMA (s) is similar to that in the supine 
posture and the LRV is compressed similarly between the AA (a) and 
SMA (s). CDUS shows bright-colored, high-velocity flow (arrowheads) 
and SDUS shows a PFV of 178 cm/s. h: h-LRV 


Illustrations 
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Fig.6.4 A 53-year-old woman with NCP. She did not have any symp- 
toms or signs related to NCP. In this patient, the SMA did not move 
widely and the degree of the LRV compression did not change widely 
according to the posture changes of the patient. (A)-(C) Greyscale US 
(A), CDUS (B), and SDUS (C) of the LRV in the supine posture. The 
LRV is stretched over (arrow) the AA (a). CDUS shows absent flow 
signals in the h-LRV (h) indicating stagnant flow. SDUS of the LRV 
shows a continuous flow pattern with a PFV of 123 cm/s. s: SMA. (D)- 
(F) Greyscale US (D), CDUS (E), and SDUS (F) of the LRV in the 


LLD posture. SMA (s) is moved slightly to the left side from the supine 
posture and the space between the AA (a) and SMS (s) is narrow. CDUS 
shows bright-colored, high-velocity flow (arrowheads) and SDUS 
shows a PFV of 231 cm/s. (G)-(I) Greyscale US (G), CDUS (H), and 
SDUS (I) of the LRV in RLD posture. The position of the SMA (s) is 
slightly moved to the right and the LRV is stretched over the AA (a). 
CDUS shows bright-colored, high-velocity flow (arrowheads) and 
SDUS shows a PFV of 169 cm/s 
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7. Variation of NCP Patterns According 
to the Postural Changes 


A 53-year-old woman with microscopic hematuria and pro- 
teinuria due to NCS. (A)-(C) Greyscale US (A), CDUS (B), and SDUS 
(C) of the LRV in the supine posture. Greyscale US shows the LRV 
stretched over the AA (a) and dilated h-LRV (h). Also note RRA (open 
arrow) is compressing the LRV posteriorly. CDUS shows bright- 
colored flow signals (arrowheads) in the LRV. Note the space between 
the AA (a) and SMA (s) is not narrow. The PFV at SDUS was 139 cm/s. 
The pattern of NCP in the supine posture is type 3+2. (D)-(F) Greyscale 
US (D), CDUS (E), and SDUS (F) of the LRV in the LLD posture. 
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Greyscale US shows the LRV stretched over the AA (a) and dilated 
h-LRV (h). The SMA (s) moved more to the left side. The PFV at 
SDUS was 132 cm/s. The pattern of NCP in this posture is type 3. (G)- 
(I) Greyscale US (G), CDUS (H), and SDUS (I) of the LRV in the RLD 
posture. Greyscale US shows the SMA (s) moved to the preaortic loca- 
tion and the am-LRV is compressed tightly with a bright-colored, high- 
velocity jetting flow (arrowheads). The PFV at SDUS was 254 cm/s. 
The pattern of NCP in this posture is type 1 


Illustrations 
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Fig. 7.2 A 68-year-old woman with microscopic hematuria due to 
NCS. (A)-(C) Greyscale US (A), CDUS (B), and SDUS (C) of the 
LRV in the supine posture. Greyscale US and CDUS show the LRV 
stretched over the AA (a) and dilated h-LRV with the stagnant flow (h). 
The distal LRV shows bright-colored flow signals (arrowheads). Note 
the space between the AA (a) and SMA (s) is not narrow. The PFV at 
SDUS was 132 cm/s. The pattern of NCP in the supine posture is type 
3. (D)-(F) Greyscale US (D), CDUS (E), and SDUS (F) of the LRV in 
the LLD posture. Greyscale US shows the LRV stretched over the AA 
(a). Dilatation of the h-LRV (h) is less prominent but bright-colored 
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flow signals on CDUS (arrowheads) are more prominent than those in 
the supine posture. SMA (s) moved more to the left side. The PFV at 
SDUS was 132 cm/s. The pattern of NCP in this posture is type 3. (G)- 
(D Greyscale US (G), CDUS (H), and SDUS (I) of the LRV in the RLD 
posture. Greyscale US shows SMA (s) moved to the preaortic location 
and the am-LRV is compressed between the AA (a) and SMA (s). 
CDUS shows bright-colored, high-velocity flow (arrowheads). SDUS 
with the patient keeping her breath shows the PFV of 195 cm/s. The 
pattern of NCP in this posture is type 1 
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| A 39-year-old woman with gross hematuria due to NCS. (A)- 
(D) Greyscale US (A, B), CDUS (C), and SDUS (D) of the LRV in the 
supine posture. Greyscale US images show dilated h-LRV (h) and com- 
pression of the am-LRV (arrow) between the AA (a) and SMA (s). Also, 
note the LRV is slightly compressed by the LRA (open arrow in B). 
CDUS shows bright-colored flow signals (arrowheads). The PFV at 
SDUS was 171 cm/s. The pattern of NCP in the supine posture is type 
1. (E)-(G) Greyscale US (E), CDUS (F), and SDUS (G) of the LRV in 
the LLD posture. Greyscale US shows SMA (s) moved to the left side 
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and the LRV appears slightly compressed by the RRA (arrow) and LRA 
(open arrow). CDUS shows no bright-colored flow signals indicating 
no significant compression. The PFV at SDUS was 58.5 cm/s. The pat- 
tern of NCP in this posture is type 2. (H)-(J) Greyscale US (H), CDUS 
(I), and SDUS (J) of the LRV in the RLD posture. Greyscale US shows 
SMA (s) moved to the right side and LRV is compressed between the 
AA (a) and SMA (s). CDUS shows slightly bright-colored flow signals 
(arrowhead) and the PFV at SDUS was 98.5 cm/s. The pattern of NCP 
in this posture is type 1 


Illustrations 


Fi A 28-year-old woman 
with proteinuria due to NCS. 
(A)-(D) Greyscale US (A), 
CDUS (B, C), and SDUS (D) of 
the LRV in the supine posture. 
Greyscale US image shows 
dilated h-LRV (h) and compres- 
sion of the am-LRV (arrow) 
between the AA (a) and SMA (s). 
Also, note the LRV is slightly 
compressed by the RRA (open 
arrow). CDUS images show 
bright-colored flow signals 
(arrowheads) from the am-LRV 
(arrow) in expiration (C) and 
from the site of compression by 
the RRA (open arrow) in 
inspiration (D). SDUS shows 
pulsatile flow pattern with a PFV 
of 208 cm/s. The pattern of NCP 
in the supine posture is type 1+2. 
(E)-(H) Greyscale US (E), 
CDUS (F, G), and SDUS (H) of 
the LRV in the LLD posture. 
Greyscale US shows SMA (s) 
moved slightly to the left side 
and the LRV appears not 
compressed and the h-LRV (h) 
dilatation is relieved. CDUS 
image in inspiration (F) shows no 
bright-colored flow signals 
indicating no significant 
compression. In the CDUS image 
in expiration (G), however, there 
are subtle bright-colored flow 
signals (arrowheads in G) 
anterior to the RRA (open 
arrow). The pattern of the LRV 
compression is type 2 but the 
PFV at SDUS was 77 cm/s which 
does not meet the 100 cm/s 
criterion. (I)—-(K) Greyscale US 
(D, CDUS (J), and SDUS (K) of 
the LRV in the RLD posture. 
Greyscale US shows SMA (s) 
moved slightly to the right side 
and the LRV is tightly com- 
pressed between the AA (a) and 
SMA (s) and the h-LRV (h) is 
dilated again. CDUS image 
shows bright-colored flow signals 
(arrowheads) in the am-LRV and 
the PFV at SDUS was 285 cm/s. 
Note stagnant flow in the dilated 
h-LRV (h) on CDUS. The pattern 
of NCP in this posture is type 1 
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A 64-year-old woman with foamy urine. (A}-(D) Greyscale US 
(A, B), CDUS (C), and SDUS (D) of the LRV in the supine posture. 
Greyscale US images show a slightly compressed appearance of the am- 
LRV (arrow) between the AA (a) and SMA (s) in expiration (A) and a 
slightly compressed appearance by the RRA (open arrow) in inspiration (B). 
However, CDUS did not show bright-colored flow signals in the LRV 
(arrowheads) and the PFV at SDUS was 71.3 cm/s which did not meet the 
100 cm/s criterion of NCP. The findings of the LRV compression have a 
pattern of type 1+2. (E)-(G) Greyscale US (E), CDUS (F), and SDUS (G) 
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of the LRV in the LLD posture. Greyscale US shows SMA (s) moved 
slightly to the left side and the LRV appears not compressed. CDUS images 
show no bright-colored flow signals and the PFV at SDUS was 39.2 cm/s. 
(HJ) Greyscale US (H), CDUS (D, and SDUS (J) of the LRV in the RLD 
posture. Greyscale US shows the SMA (s) moved slightly to the right side 
and the LRV is compressed between the AA (a) and SMA (s). CDUS images 
show bright-colored flow signals (arrowheads) in the am-LRV and the PFV 
at SDUS was 116 cm/s. The pattern of NCP in this posture is type 1. In this 
patient, the PFV meets the 100 cm/s criterion only in the RLD posture 


Further Reading 


F 7.6 A 64-year-old woman with microscopic hematuria due to 
NCS. (A, B) Greyscale US (A) and SDUS (B) of the LRV in the supine 
posture. Greyscale US image shows dilated h-LRV (h), compressed am- 
LRV (arrow) between the AA (a) and SMA (s), and also by the RRA 
(open arrow). The PFV at SDUS was 157 cm/s and the pattern of NCP 
is type 1+2. (C, D) Greyscale US (C) and SDUS (D) of the LRV in the 
LLD posture. Greyscale US shows the SMA (s) moved to the left side 


Further Reading 


Barnes RW, Fleisher HL, Redman JF, et al. Mesoaortic compression of 
the renal vein (the so-called nutcracker syndrome): repair by a new 
stenting procedure. J Vasc Surg. 1988;8:415-21. 

Fitoz S, Ekim M, Ozcakar ZB, et al. The role of upright position exami- 
nation and superior mesenteric artery angle measurement in the 
diagnosis. J Ultrasound Med. 2007;26:573-80. 
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and the LRV appears compressed by the RRA (open arrow). The PFV 
at SDUS was 67.1 cm/s which does not meet the 100 cm/s criterion of 
the NCP but the pattern is type 2. (E, F) Greyscale US (E) and SDUS 
(F) of the LRV in the RLD posture. Greyscale US shows SMA (s) 
moved slightly to the right side and the LRV is compressed between the 
AA (a) and SMA (s). The PFV at SDUS was 192 cm/s and the pattern 
of NCP is type 1 


Kim SH. Doppler US and CT diagnosis of nutcracker syndrome. 
Korean J Radiol. 2019;20:1627-37. 

Stavros AT, Sickler KJ, Menter RR. Color Doppler sonography of the 
nutcracker syndrome (aortomesenteric left renal vein compression). 
J Ultrasound Med. 1994;13:569-74. 


Other Variations of NCP and NCS 


In addition to the postural changes, the pattern and severity 
of LRV compression vary according to other factors. One 
example is the respiratory effect. If we perform SDUS of am- 
LRV with the patient keeping quiet respiration, we may 
notice these respiratory variations. 

Usually, the compression effect to LRV in the expiration 
end is more severe than that in the inspiration end, and there- 
fore PFV of am-LRV is higher in the expiration state than in 
the inspiration state. When you are doing SDUS of the LRV 
to detect NCP, it is recommended to obtain Doppler spectra of 
am-LRV with breath-holding both at inspiration and at expi- 
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ration state. The easier way both to the patients and to the 
examiners is the continuous acquisition of Doppler spectra 
with the patient keeping quiet respiration. Probably this tech- 
nique of SDUS with the patient keeping quiet respiration is 
the best examination technique in the most physiologic state. 

Sometimes, we find discrepancies between Doppler US 
findings and CECT findings in the severity of the LRV com- 
pression. In these cases, CECT findings are usually less 
severe than Doppler US findings. These discrepancies may 
be related to the difference in the respiration state in Doppler 
US and CECT examinations. 
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198 
Illustrations 


1. Variations of Doppler US Findings 
with Respiration 


11 Other Variations of NCP and NCS 


1.1 A 53-year-old woman who had microscopic hematuria for 10 
years due to NCS. (A) Greyscale US image of the LRV shows dilated 
h-LRV (h) and the LRV compression at the am-LRV (arrow) and by the 
RRA (open arrow). (B) SDUS shows a pulsatile flow pattern with a 
PFV of 187 cm/s. (C) CDUS of the LRV in inspiration shows bright- 


colored flow signals (arrowheads) anterior to the RRA (open arrow) and 
homogeneous slow flow signals in the dilated h-LRV (h). (D) CDUS of 
the LRV in expiration shows bright-colored flow signals (arrowheads) 
from the am-LRV (arrow) and no flow signals in the dilated h-LRV 
indicating stagnant flow 
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A 35-year-old man with microscopic hematuria due to NCS. 
(A)-(C) Greyscale US (A), CDUS (B), and SDUS (C) of the LRV in 
inspiration. Greyscale US shows the LRV is not compressed between 
the AA (a) and SMA (s) but compressed by the RRA (open arrow) pos- 
teriorly. CDUS image of the LRV shows bright-colored flow signals 
(arrowheads) from the site where the LRV is compressed by the 
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RRA. The PFV at SDUS is 78.3 cm/s which is lower than 100 cm/s 
criterion. (D)-(F). Greyscale US (D), CDUS (E), and SDUS (F) of the 
LRV in expiration. Greyscale US shows dilated h-LRV (h) and com- 
pressed am-LRV (arrow) between the AA (a) and SMA (s). CDUS 
image of the LRV shows bright-colored flow signals (arrowheads) from 
the am-LRV (arrow). The PFV at SDUS is 147 cm/s 
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Fig. 1.3 A 44-year-old woman with microscopic hematuria and pro- 
teinuria due to NCS. (A)-(C) Greyscale US (A), CDUS (B), and SDUS 
(C) of the LRV in inspiration. Greyscale US shows dilated h-LRV (h) 
and compressed am-LRV (arrow) between the AA (a) and SMA (s). 
CDUS image of the LRV shows bright-colored flow signals (arrow- 
heads) from the am-LRV (arrow) and the PFV at SDUS is 137 cm/s. 


(D)-(F) Greyscale US (D), CDUS (E), and SDUS (F) of the LRV in 
expiration. Greyscale US shows the LRV compressed at the am-LRV 
(arrow) and by the RRA (open arrow). CDUS image of the LRV shows 
prominent bright-colored flow signals (arrowheads) and the PFV at 
SDUS is 161 cm/s. a: AA, s: SMA, h: h-LRV 
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Fig. 1.4 A 27-year-old man with gross hematuria due to NCS. She 
reduced her weight by about 30 Kg in recent years. (A)—(C) Greyscale 
US (A), CDUS (B), and SDUS (C) of the LRV in inspiration. Greyscale 
US shows dilated h-LRV (h) and compressed am-LRV (arrow) between 
the AA (a) and SMA (s). CDUS image of the LRV shows bright-colored 
flow signals (arrowheads) from the am-LRV (arrow). The PFV at SDUS 
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is 170 cm/s. (D)-(F) Greyscale US (D), CDUS (E), and SDUS (F) of 
the LRV in expiration. Greyscale US shows the LRV is more severely 
compressed at the am-LRV (arrow) than in inspiration. CDUS image of 
the LRV shows dilated h-LRV but no prominent flow signals across the 
am-LRV indicating almost occluded am-LRV. SDUS shows no definite 
flow signals across the am-LRV 
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A 60-year-old man with NCP. He did not have any symptoms 
or signs related to NCP. (A, B) Greyscale US (A) and CDUS (B) images 
of the LRV in inspiration. Greyscale US shows the LRV compressed by 
the RRA (open arrow). CDUS shows bright-colored flow signals 
(arrowheads) anterior to the RRA (open arrow). (C, D) Greyscale US 
(C) and CDUS (D) images of the LRV in expiration. Greyscale US 
shows, in addition to the LRV compression by the RRA (open arrow), 
the am-LRV (arrow) is slightly compressed between the AA (a) and 
SMA (s). CDUS image shows bright-colored flow signals (arrowheads) 
from the am-LRV. (E)-(G) SDUS images of the LRV with different 
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respiratory statuses. (E) SDUS with a large sample volume (20 mm) 
and keeping quiet respiration shows changing Doppler spectra that has 
higher (arrows) and lower (open arrows) velocity components. The 
PFV was 109 cm/s. (F) SDUS withholding the respiration and a small 
sample volume (7.5 mm) located to the higher velocity area shows sta- 
ble higher velocity spectra with a PFV of 122 cm/s. (G) SDUS with- 
holding the respiration and a small sample volume (7.5 mm) located to 
the lower velocity area shows stable lower velocity spectra with a PFV 
of 60.2 cm/s. These wide variations of SDUS findings should be kept in 
mind 
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Fig. 1.0 


A 64-year-old woman with NCP. She did not have any symp- 
toms or signs related to NCP. (A, B) Greyscale US (A) and CDUS (B) 
images of the LRV in inspiration. Greyscale US shows the am-LRV 
(arrow) compressed between the AA (a) and SMA (s) and dilated 
h-LRV (h). CDUS shows bright-colored flow signals (arrowheads) 
from the am-LRV (arrow). Note stagnant flow in the dilated h-LRV (h). 


(C, D) Greyscale US (C) and CDUS (D) images of the LRV in expira- 
tion. Greyscale US shows, in addition to the am-LRV (arrow) compres- 
sion, the LRV is compressed by the RRA (open arrow). CDUS shows 
bright-colored flow signals in the LRV anterior to the RRA (open 
arrow). Note stagnant flow in the dilated h-LRV (h). (E) SDUS of the 
LRV shows a PFV of 206 cm/s 
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A 22-year-old man with proteinuria. He was diagnosed with 
focal segmental glomerulosclerosis with kidney biopsy and therefore 
his diagnosis is NCP, not NCS. (A)-(C) Greyscale US (A), CDUS (B), 
and SDUS (C) of the LRV in inspiration. Greyscale US shows com- 
pressed am-LRV (arrow) between the AA (a) and SMA (s). CDUS 
image of the LRV shows bright-colored flow signals (arrowheads) from 
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the am-LRV (arrow). The PFV at SDUS is 112 cm/s. (D)—(F) Greyscale 
US (D), CDUS (E), and SDUS (F) of the LRV in expiration. Greyscale 
US shows the LRV is more severely compressed at the am-LRV (arrow) 
than in inspiration. CDUS image of the LRV shows more prominent 
bright-colored, high-velocity signals (arrowheads). SDUS shows a 
higher PFV, 196 cm/s, and more pulsatile pattern 
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2. Continuous Acquisition of SDUS 
with the Patient Keeping Quiet Respiration 
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Fig. 2.1 A 30-year-old man with microscopic hematuria and protein- 
uria. He was diagnosed IgA nephropathy with kidney biopsy and there- 
fore his diagnosis is NCP, not NCS. (A, B) Greyscale US (A) and 
CDUS (B) of LRV in inspiration. Greyscale US image shows dilated 
h-LRV (h) but no significant compression of the LRV between the AA 
(a) and SMA (s). CDUS image shows not prominent bright-colored 
flow signals in the am-LRV. (C, D) Greyscale US (C) and CDUS (D) of 
the LRV in expiration. Greyscale US image shows more dilated h-LRV 


and compression of the LRV between the AA (a) and SMA (s). In this 
case, the LRV is compressed between the RRA (open arrow) and SMA 
(s). CDUS image shows bright-colored flow signals (arrowheads) in the 
LRV from the site compressed between the RRA (open arrow) and 
SMA (s). (E) SDUS with the patient keeping quiet respiration shows 
changing spectra with respiration. Arrows indicate expiration ends and 
open arrows indicate inspiration ends 


206 


+ Vel -221 cm/s y 


$8 


A 7l-year-old man with NCP. He did not have any symptoms 
or signs related to NCP. (A, B) Greyscale US (A) and CDUS (B) of the 
LRV in inspiration. Greyscale US image shows slightly stretched LRV 
(arrows) over the AA (a). CDUS image shows slightly bright-colored 
flow signals (arrowheads) in the LRV. (C, D) Greyscale US (C) and 
CDUS (D) of the LRV in expiration. Compared with the images in 
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inspiration (A, B), the greyscale US image shows more stretched 
appearance of the LRV (arrows) over the AA (a) and CDUS image 
shows more prominent bright-colored flow signals (arrowheads) in the 
LRV. (E) SDUS with the patient keeping quiet respiration shows chang- 
ing spectra with respiration. The PFV at expiration (arrows) was 
221 cm/s and that in inspiration (open arrows) was around 100 cm/s 
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3. Discrepancies Between Doppler US 
and CECT Findings 


Fig. 3.1 A 48-year-old woman with microscopic hematuria due to high-velocity flow signals (arrowheads) and SDUS (C) shows the PFV 
NCS. (A) CECT image shows slight compression of the am-LRV (open of 137 cm/s. The findings of Doppler US are more severe than those of 
arrow) between the AA (a) and SMA (s). (B, C) CDUS (B) of the LRV CECT and these differences are probably due to the different respira- 
shows severe narrowing of the am-LRV (arrow) and bright-colored, tory status during the CT and US examinations 
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Fig. 3.2 A 62-year-old woman with NCP. She did not have any symp- 
toms or signs related to NCP. (A) CECT image shows no significant com- 
pression of the am-LRV (arrow) between the AA and SMA. The atrophic 
and hydronephrotic RK was due to the ureteral injury during surgery for 
uterine cervical carcinoma. (B)-(D) Greyscale US (B) and CDUS (C) of 


the LRV show severe narrowing of the am-LRV (arrow) and bright-col- 
ored, high-velocity flow signals (arrowheads). SDUS (D) shows a pulsa- 
tile flow pattern with a PFV of 143 cm/s. The findings of Doppler US are 
more severe than those of CECT and these differences are probably due 
to the respiratory status during the examinations 
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Fig. : A 54-year-old woman with microscopic hematuria due to NCS. (A) CECT image shows slight stretching of the LRV (arrow) over the AA 
(a). (B) SDUS of the LRV shows high-velocity spectra with a PFV of 179 cm/s 
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Fig. 3.4 A 48-year-old woman with left flank pain due to NCS. (A, B) 
CECT images show the LRV compressed by the RRA (open arrow) and 
flow of the contrast-opacified blood along the non-dependent anterior 
margin (arrowheads) of the LRV and IVC. (C)—-(E) Greyscale US (C), 
CDUS (D), and SDUS (E) of the LRV. Greyscale US shows the LRV 
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compressed by the RRA (open arrow) and CDUS shows bright-colored, 
high-velocity flow signals (arrowheads). SDUS (D) shows a pulsatile 
flow pattern with a PFV of a 165 cm/s. The findings of Doppler US are 
well correlated with CECT findings in this case 


Severe NCP, Occlusion of LRV 


Sometimes, findings of NCP are very severe and the LRV 
is almost occluded. These findings of very severe NCP 
usually show classical type 1 NCP with severe narrowing 
of am-LRV and marked dilatation of h-LRV. We may find 
sluggish or whirling flow signals in the dilated hi-LRV. We 
may not see prominent bright-colored, high-velocity jet- 
ting signals at CDUS, but occasionally we may detect 
weak but very high-velocity spectra at SDUS. In these 
patients, if the patient takes lateral decubitus postures, we 
may see prominent high-velocity jetting through the nar- 
row am-LRV. If there are prominent collateral circulations 
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in these patients, LRV is not dilated markedly and it may 
be difficult to detect NCP. 

There was an article that tried to grade the severity of 
LRV compression and correlate it with the symptoms 
(Takahash 2005). They categorized US findings of LRV in 
seven grades according to the severity of stenosis of am-LRV 
and dilatation of h-LRV. A most severe form of stenosis of 
am-LRV was occlusion in their classification which was fre- 
quently observed in NCS patients with orthostatic intoler- 
ance. Severe LRV dilatation was frequently seen in NCS 
patients with massive orthostatic proteinuria in that article. 
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Illustrations 


1. Severe NCP, Absent LRV Flow 


Fig. 1.1 A 44-year-old woman with foamy urine and fluctuating GFR (B) CDUS shows no flow signals in the dilated h-LRV (h) indicating 
probably due to NCS. Her body weight reduced significantly, from severe obstruction of blood flow through the am-LRV. (C) SDUS of the 
100 kg to 60 kg in 10 years. (A) Greyscale US of the LRV shows dilated am-LRV with the patient keeping quiet respiration with the increased 
h-LRV (h) and compressed am-LRV (arrow) between the AA and SMA. gain shows intermittent high-velocity spectra with a PFV of 110 cm/s 


Illustrations 
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A 36-year-old man with proteinuria and fluctuating GFR. (A) 
Greyscale US of the LRV shows dilated h-LRV (h) and severely com- 
pressed am-LRV (arrow) between the AA (a) and SMA (s). (B) CDUS 
shows no flow signals in the dilated h-LRV (h) indicating severe 


A 64-year-old woman with microscopic hematuria and pro- 
teinuria. She was diagnosed with minimal change at kidney biopsy 2 
years earlier, and therefore her diagnosis was NCP, not NCS. (A) CDUS 
of the LRV shows no flow signals in the dilated h-LRV (h) and bright- 


obstruction of blood flow through the am-LRV. No bright-colored, 
high-velocity flow signals were demonstrated through the am-LRV. (C) 
SDUS of the am-LRV with the increased gain shows high-velocity pul- 
satile spectra with a PFV of 182 cm/s 
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colored, high-velocity flow signals (arrowheads) from the am-LRV 
(arrow). a: AA, s: SMA. (B) SDUS of the am-LRV shows high-velocity 
pulsatile spectra with a PFV of 149 cm/s. 
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12 Severe NCP, Occlusion of LRV 


Fig. 1.4 A 73-year-old woman with NCP. She did not have any symp- 
toms or signs related to NCP. (A) Greyscale US of the LRV shows 
dilated h-LRV (h) and the LRV compressed at the am-LRV (arrow) and 
by the RRA (open arrow). (B) CDUS shows no flow signals in the 


dilated h-LRV (h) indicating severe obstruction of blood flow and 
bright-colored, high-velocity flow signals (arrowheads) anterior to the 
RRA (open arrow). (C) SDUS of the am-LRV shows high-velocity 
spectra with a PFV of 193 cm/s 
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Fig. 1.5 A 66-year-old woman with microscopic hematuria and pro- obstruction of blood flow. No bright-colored flow signals were demon- 
teinuria due to NCS. (A) Greyscale US of the LRV shows dilated strated through the am-LRV. (C) SDUS of the am-LRV with high gain 
h-LRV (h) and the LRV compressed at the am-LRV (arrow). (B) CDUS keeping the patient quiet respiration shows high-velocity pulsatile spec- 
shows no flow signals in the dilated h-LRV (h) indicating severe tra with a PFV of 187 cm/s 
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A 64-year-old woman with renal cysts and NCP. She did not 
have any symptoms or signs related to NCP. (A)-(C) Greyscale US (A), 
CDUS (B), and SDUS (C) images of the LRV in the supine posture. 
The LRV is compressed (arrow) between the AA (a) and SMA (s). 
CDUS shows bright-colored, high-velocity flow (arrowheads) and 
absent flow signals in the h-LRV (h) indicating sluggish flow. SDUS 
shows a PFV of 150 cm/s. (D)-(F) Greyscale US (D), CDUS (E), and 
SDUS (F) images of the LRV in the LLD posture. SMA (s) moved 
slightly to the left side and the LRV appears stretched over the 
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AA. CDUS shows bright-colored, high-velocity flow (arrowheads) and 
prominent flow signals in the h-LRV (h). SDUS shows a PFV of 
132 cm/s. (G)-(D Greyscale US (G), CDUS (H), and SDUS (I) images 
of the LRV in the RLD posture. SMA (s) moved to the right side and the 
LRV appears stretched over the AA. CDUS shows bright-colored, high- 
velocity flow (arrowheads) and SDUS shows a PFV of 114 cm/s. (J, K) 
CECT images of the kidneys show jetting of contrast-opacified blood 
flow through the narrowed am-LRV along the non-dependent anterior 
margin of the LRV and IVC (arrowheads) 
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Fig. 1.6 (continued) 
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2. Severe NCP, LRV Flow Bypass into Collaterals 


12 Severe NCP, Occlusion of LRV 


Fig. 2.1 A 30-year-old woman with proteinuria due to NCS. (A) 
Greyscale US of the LRV shows dilated h-LRV (h) and compressed 
am-LRV (arrow) between the AA (a) and SMA (s). (B)-(D) CDUS 
images of the LRV in the supine (B), LLD (C), and RLD (D) postures. 
In the h-LRV (h), there are no flow signals in the supine posture (B) and 
stagnant flow signals in the RLD posture (D). In the LLD posture (C), 
there are prominent flow signals through the am-LRV (arrowheads). In 
the RLD (D), the LRV is stretched over the AA (a) and there are bright- 


colored, high velocity flows (arrowheads) in the LRV. (E) Longitudinal 
CDUS along the course of the left gonadal vein shows tortuous dilated 
left gonadal vein (arrows) with regurgitant flow from the LRV. (F) 
CDUS of the uterus in the axial plane shows asymmetrically prominent 
flow signals (arrows) in the left parametrial region indicating left-sided 
pelvic congestion. (G) SDUS of the LRV anterior to the RRA in the 
LLD posture shows a PFV of 199 cm/s 
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Fig. 2.2 A 47-year-old woman with microscopic hematuria due to 
NCS. (A)-(C) Greyscale US images of the LRV in the supine (A), LLD 
(B), and RLD (C) postures. In the supine posture (A), the am-LRV 
(arrow) is compressed between the AA (a) and SMA (s). In the LLD 
posture (B), SMA (s) moved slightly to the left side and the am-LRV is 
still compressed between the AA (a) and SMA (s). In the RLD posture 
(C), SMA (s) moved slightly to the right side and the am-LRV is less 
compressed than in the supine or LLD postures. (D)-(F) CDUS images 
of the LRV in the supine (D), LLD (E), and RLD (F) postures. In the 


supine (D) and LLD (E) postures, there are no flow signals in the 
h-LRV (h) indicating severe obstruction. In the RLD posture (F), there 
are flow signals in the h-LRV (h) and bright-colored flow signals 
(arrowheads) in the am-LRV. Note the h-LRV (h) is not dilated in this 
patient indicating the presence of collateral pathways. (G) SDUS in the 
RLD posture shows a PFV of 124 cm/s. (H) CDUS of the pelvic cavity 
in the axial plane shows congested vessels (arrows) in the left pelvic 
cavity 
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3. Severe NCP, Postural Variations 


Fig. 3.1 A 73-year-old woman with microscopic hematuria, protein- 
uria, and foamy urine due to NCS. (A)-(C) CDUS images of the LRV 
in the supine (A), LLD (B), and RLD (C) postures. The LRV is stretched 
over the AA (a). In the h-LRV (h), there are no flow signals in the supine 
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(A) and RLD postures (C). In the LLD posture (B), there are prominent 
flow signals in the h-LRV (h) and bright-colored flow signals in the 
stretched LRV (arrowheads). (D) SDUS of the stretched LRV anterior 
to the AA in the LLD posture shows a PFV of 147 cm/s 
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A 36-year-old man with proteinuria and fluctuating GFR due 
to NCS. (A)-(C) CDUS images of the LRV in the supine (A), LLD (B), 
and RLD (C) postures. In the supine posture, the h-LRV (h) is dilated 
and the am-LRV (arrow) is compressed between the AA (a) and SMA 
(s). The flow signals are rare in the dilated h-LRV (h) indicating stag- 
nant flow. There are bright-colored, high-velocity flow signals (arrow- 
head) in the am-LRV. In the LLD posture (B), SMA (s) moved very 
little to the left side and the am-LRV is still compressed between the 
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AA (a) and SMA (s). There are flow signals in the dilated h-LRV (h) 
and prominent bright-colored, high-velocity flow signals (arrowheads) 
in the LRV stretched over the AA. In the RLD posture (C), SMA (s) 
moved very little and there are bright-colored, high-velocity flow sig- 
nals (arrowheads) in the am-LRV. (D)-(F) SDUS images of the LRV in 
the supine (D), LLD (E), and RLD (F) postures show a PFV of 
182 cm/s, 164 cm/s, and 142 cm/s, respectively. Note flow pattern is the 
most pulsatile in the posture and the least pulsatile in the RLD posture 
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A 58-year-old woman with microscopic hematuria and pro- 
teinuria due to NCS. (A)-(C) Greyscale US (A), CDUS (B), and SDUS 
(C) of the LRV in the supine posture. Greyscale US image shows com- 
pression of the am-LRV (arrow) between the AA (a) and SMA (s). 
CDUS shows absent flow signals in the h-LRV and collateral vessels 
(arrows). CDUS shows no bright-colored flow signals through the am- 
LRV, but SDUS at the am-LRV shows pulsatile spectra with a PFV of 
188 cm/s. (D)-(F) Greyscale US (D), CDUS (E), and SDUS (F) of the 
LRV in the LLD posture. Greyscale US image shows SMA (s) moved 
slightly to the left side and the LRV is stretched over the AA (a). Also, 
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the LRV is slightly compressed by the RRA (open arrow). CDUS shows 
prominent flow signals in the h-LRV (h) and bright-colored, high- 
velocity flow signals (arrowheads) through the am-LRV. SDUS shows a 
PFV of 116 cm/s. (G)-(I Greyscale US (G) and CDUS (H) of the LRV 
in the RLD posture. Greyscale US shows SMA (s) moved back to the 
preaortic location and the LRV is compressed between the AA (a) and 
SMA (s). CDUS shows absent flow signals in the h-LRV (h) and promi- 
nent flow signals in the collateral vessels (arrows). SDUS (I) shows no 
flow signals across the am-LRV indicating severe obstruction 
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Fig. 3.3 (continued) 


A 66-year-old woman with proteinuria due to NCS. This 
patient showed wide movability of the RK and mesenteric root contain- 
ing the SMA. (A)-(C) Greyscale US (A), CDUS (B), and SDUS (C) of 
the LRV in the supine posture. Greyscale US image shows dilated 
h-LRV (h) and stretching of the LRV over the AA (a). CDUS shows 
stagnant flow in the dilated h-LRV (h) and collateral vessels (arrows). 
SDUS at the am-LRV did not show venous flow signals. s: SMA. (D)— 
(F) Greyscale US (D), CDUS (E), and SDUS (F) of the LRV in the 
LLD posture. Greyscale US image shows SMA (s) moved to the left 
side and stretching of the LRV over the AA (a) is relieved. CDUS shows 
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the prominent flow (arrowheads) of the LRV into the IVC. SDUS shows 
prominent LRV flow with a PFV of 109 cm/s. (G)-(I) Greyscale US 
(G), CDUS (H), and SDUS (I) of the LRV in the RLD posture. 
Greyscale US shows SMA (s) moved to the right side and the LRV is 
compressed between the AA (a) and SMA (s). CDUS shows the h-LRV 
(h) is collapsed with the stagnant flow and flow signals in the prominent 
collateral vessels (arrows). SDUS did not show venous flow signals. (J, 
K) Greyscale US images of the RK in expiration (J) and inspiration (K) 
states show marked movability of the RK 
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Further Reading Takahashi Y, Sano A, Matsuo M. An ultrasonographic classification 
for diverse clinical symptoms of pediatric nutcracker phenomenon. 


Stewart JM, Gewitz MH, Weldon A, et al. Patterns of orthostatic intoler- Clin Nephrol. 2005;64:47-54. 


ance: the orthostatic tachycardia syndrome and adolescence chronic 
fatigue. J Pediatr. 1999;135:218-25. 
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NCP and NCS in Members of the Same 1 3 
Family 


There was a case report of NCS found in male siblings with cases in this chapter. There were many families where many 
hematuria but this has been thought to be a coincidence and members in the same family showed NCP findings. Similar 
not the result of a genetic predisposition (NIH GARD). types of NCP were found in siblings, in children and parents, 
However, I have several examples of NCP and NCS cases or three-generation members. 

found in the same family members and will introduce these 
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Illustrations 


1. NCP and NCS Cases in the Members 
of the Same Family, Siblings 
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NCS in the same family (sisters). (A)-(C) A 33-year-old a PFV of 106 cm/s. (D)-(F) A 30-year-old woman with proteinuria due 
woman with proteinuria due to NCS (elder sister of D-F). Greyscale to NCS (younger sister of A-C). Greyscale US (D) shows compressed 
US (A) shows dilated h-LRV (h) and compressed am-LRV between the am-LRV between the AA (a) and SMA (s). CDUS (E) shows a bright- 
AA (a) and SMA (s). CDUS (B) shows a bright-colored, high-velocity colored, high-velocity jetting flow. SDUS (F) in bright-colored flow 
jetting flow (arrowheads). SDUS (C) in bright-colored flow area shows area shows a PFV of 182 cm/s 


Illustrations 


Pa, TENET | 


nf 


? le } 1 Wie ; K 


NCS in the same family (twin brothers). (A)-(C) An 11-year- 
old boy with foamy urine probably due to NCS (elder brother of twins). 
Greyscale US (A) shows compressed am-LRV between the AA (a) and 
SMA (s). CDUS (B) shows bright-colored, high-velocity flow (arrow- 
heads) through the am-LRV. SDUS (C) in bright-colored flow area 
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shows a PFV of 130 cm/s. (D)-(F) An 11-year-old boy with proteinuria 
due to NCS (younger brother of twins). Greyscale US (D) shows com- 
pressed am-LRV between the AA (a) and SMA (s). CDUS (E) shows a 
bright-colored, high-velocity jetting flow (arrowheads) through the am- 
LRV. SDUS (F) in bright-colored flow area shows a PFV of 180 cm/s 
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2. NCP and NCS Cases in the Members 
of the Same Family, Parents, and Children 
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NCS and NCP in the same family (mother and son). (A)-(C) 
A 63-year-old woman with microscopic hematuria and proteinuria due 
to NCS (mother of D-F). Greyscale US (A) shows slightly dilated 
h-LRV (h) and compression of the LRV between the AA (a) and SMA 
(s). CDUS (B) shows slightly bright-colored flow signals (arrowheads) 
and SDUS (C) in bright-colored flow area shows a PFV of 137 cm/s. 
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(D)-(F) A 42-year-old man without any symptoms or signs related to 
NCP (son of A-C). Greyscale US (A) shows the LRV compressed 
between the AA (a) and SMA (s). CDUS (B) shows bright-colored, 
high-velocity flow signals (arrowhead) and SDUS (C) in bright-colored 
flow area shows a PFV of 101 cm/s 


Illustrations 
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2 NCP in the same family (mother and son). (A)-(C) A 67-year- 
old woman without any symptoms or signs related to NCP (mother of 
D-F). Greyscale US (A) shows the LRV compressed by the RRA (open 
arrow). CDUS (B) shows bright-colored flow signals (arrowheads) and 
SDUS (C) in bright-colored flow area shows a PFV of 131 cm/s. a: AA, 
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s: SMA. (D)-(F) A 43-year-old man without any symptoms or signs 
related to NCP (son of A-C). Greyscale US (D) shows the LRV com- 
pressed by the RRA (open arrow). CDUS (E) shows bright-colored 
flow signals (arrowheads) and SDUS (F) in bright-colored flow area 
shows a PFV of 217 cm/s. a: AA, s: SMA 
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13. NCP and NCS in Members of the Same Family 


NCS and NCP in the same family (mother and daughter). (A, 
B) A 47-year-old woman with microscopic hematuria due to NCS 
(mother of C-E). Greyscale US (A) shows compressed am-LRV 
(arrow) between the AA (a) and SMA (s). CDUS (B) shows absent flow 
signals in the h-LRV (h) indicating stagnant flow. (C)-(E) A 20-year- 
old woman without any symptoms or signs related to NCP (daughter of 


A, B). Greyscale US (C) shows dilated h-LRV (h) and compressed am- 
LRV (arrow) between the AA (a) and SMA (s). CDUS (D) shows 
bright-colored, high-velocity flow (arrowheads) through the am-LRV 
(arrow) and stagnant flow signals in the h-LRV (h) indicating severe 
obstruction. SDUS (E) shows a PFV of 236 cm/s 
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F NCP in the same family (mother and daughter). (A, B) A SMA. (C, D) A 47-year-old woman without any symptoms or signs of 
72-year-old woman with proteinuria due to NCS (mother of C, D). NCP (daughter of A, B). CDUS shows bright-colored, high-velocity 
CDUS shows bright-colored, high-velocity flow signals (arrowheads) flow signals (arrowheads) from the am-LRV. SDUS shows a PFV of 
in the LRV anterior to the AA (a). SDUS shows a PFV of 186 cm/s. s: 204 cm/s. a: AA, s: SMA 
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13. NCP and NCS in Members of the Same Family 


Fig. 2.5 NCP in the same ADPKD family members (father and son). 
(A)-(D) A 66-year-old man with ADPKD (father of E-H). Greyscale 
US image of the RK (A) shows large kidney with innumerable cysts, 
consistent with PKD. LK also showed similar findings (not shown). 
Greyscale US image of the LRV (B) shows compression of the LRV 
posteriorly by the RRA (open arrow). CDUS (C) shows bright-colored, 
high-velocity flow (arrowheads) in the LRV anterior to the RRA (open 
arrow). SDUS (D) shows a PFV of 187 cm/s. a: AA, s: SMA. (E)—(H) 


A 36-year-old man without PKD (son of A-D). Greyscale US image of 
the RK (E) shows normal appearing kidney without cysts. LK also 
showed similar findings (not shown). Greyscale US image of the LRV 
(F) shows compression (arrow) of the LRV between the AA (a) and 
SMA (s), and also posteriorly by the RRA (open arrow). CDUS (G) 
shows bright-colored, high-velocity flow (arrowheads) from the am- 
LRV. SDUS (H) shows a PFV of 128 cm/s 


Illustrations 


3. NCP and NCS Cases in the Members 
of the Same Family, Aunts, Uncles, 
and Nephews 
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NCP in the same family members (brothers and aunt). (A)— 
(C) A 55-year-old man without any symptoms or signs of NCP (elder 
brother of D, E). Greyscale US (A) shows the LRV compression by the 


RRA (open arrow). CDUS (B) image shows _bright-colored, 
high-velocity flow signals (arrowheads) from the site where the LRV is 
compressed by the RRA (open arrow). SDUS (C) of the LRV shows a 
PFV of 143 cm/s. a: AA, s: SMA. (D, E) A 46-year-old man without 
any symptoms or signs of NCP (younger brother of A-C). Greyscale 


US (D) shows the LRV compressed by the RRA (open arrow). SDUS 
(E) shows PV of 127 cm/s. (F)-(H) A 58-year-old woman without any 
symptoms or signs of NCP (aunt of A-C and D, E). Greyscale US (F) 
shows the LRV compression by the RRA (open arrow). CDUS (G) 
image shows bright-colored, high-velocity flow signals (arrowheads) in 
the LRV anterior to the RRA (arrow). SDUS (H) of the LRV shows a 
PFV of 124 cm/s 
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Further Reading 


Lee NR, Oh JM, Yim HE, et al. Nutcracker syndrome in siblings. J 
Korean Soc Pediatr Nephrol. 2010;14:240-5. 

https://rarediseases.info.nih.gov/diseases/1 197 1/renal-nutcracker-syn- 
drome 


NCP-Related or Associated Diseases 


Normally, the direction of blood flow of the left gonadal vein 
is upward from the left ovary or left testicle to the LRV due 
to one-way valves of the gonadal veins preventing gravity 
regurgitation. Left-sided varicocele and PCP in men and 
women, respectively, occur when there are downward regur- 
gitations of blood flow into the gonadal veins due to incom- 
petence of venous valve function. PCS is diagnosed when 
left gonadal vein regurgitation and resultant left-sided PCP is 
associated with pelvic pain or discomfort. The difference 
between the two terms, PCP and PCS, is the same as the dif- 
ference between NCP and NCS. Although left-sided varico- 
cele and left-sided PCP may occur with or without NCP, 
varicocele and PCP are more severe and prone to recur after 
treatment if NCP is associated. 

Gonadal veins are important collateral pathways to relieve 
LRV hypertension in NCP and NCS patients. In the presence 
of NCP, inverse relation between NCS and varicocele or PCS 
exists. Therefore, NCS patients usually do not have varico- 
cele or PCS, and vice versa. Uncommonly, however, there 
are NCS patients who also have left-sided varicocele or 
PCS. Gonadal vein embolization for the management of PCS 
may aggravate the symptoms and signs of NCS. 

SMA syndrome or Wilkie syndrome is a condition when 
there is a duodenal obstruction at the narrow space between 
the AA and SMA. The mechanism of duodenal obstruction is 
similar to the LRV compression in NCS. The simultaneous 
presence of two syndromes, i.e., NCS and SMA syndromes, 
is rare but cases have been reported. 

There was an article published in 2007 by Scholbach 
et al. proposing a new name of a syndrome, midline conges- 
tion syndrome, describing a wide spectrum of symptoms 
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caused by the development of collateral vessels crossing the 
midline to decompress LRV hypertension caused by 
NCP. The symptoms that may be attributable to this syn- 
drome are various from headache to back and abdominal 
pain and functional disorders of the pelvic organs. They pro- 
posed acetylsalicylic acid may improve these symptoms 
caused by midline congestion due to fine collateral circula- 
tions and related inflammatory changes. Because acetylsali- 
cylic acid may improve inflammatory changes of the 
developing fine collateral vessels and support maturation of 
collateral circulation, it may help relieve those various symp- 
toms. In my practice, acetylsalicylic acid was helpful in sev- 
eral patients and we may need further research to access the 
effect of acetylsalicylic acid in these patients. 

NCP may occur in patients with diffuse renal parenchy- 
mal diseases. There was an article reporting a 6.8% (10 
cases) incidence of NCP in 146 patients with IgA nephropa- 
thy (Imai N, 2014; Ozono Y, 1995). Considering the high 
prevalence of NCP in my experience, 6.8% incidence of 
NCP in their patients with IgA nephropathy seems not 
unusual. However, the coexistence of NCP and renal paren- 
chymal disease may have significant clinical significance in 
accessing the management response and recurrence of their 
renal parenchymal diseases. 

Patients with any other renal diseases may have 
NCP. Hematuria or proteinuria in these patients may be 
caused either by underlying disease or NCP or both. NCP 
commonly occurs in young slender individuals but may 
occur in fatty patients as well. When fatty patients with NCP 
lose weight significantly intentionally, NCP may become 
more severe. 
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Illustrations 


1. NCP-Related Disease, Pelvic Congestion 
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A 45-year-old woman with microscopic hematuria and 
chronic pelvic pain due to NCS and PCS. (A)-(C) Greyscale US (A), 
CDUS (B), and SDUS (C) show the LRV compressed by the RRA 
(open arrow), bright-colored flow signals (arrowheads), and a PFV of 
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193 cm/s. (D, E) CDUS (D) of the uterus in the axial plane shows 
prominent flow signals in the left parametrial region indicating pelvic 
congestion (arrows). SDUS (E) of the left parametrial region shows 
venous flow signals 
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Fig. 1.2 A 45-year-old woman with microscopic hematuria and (arrowheads). The PFV at SDUS was 147 cm/s. (D) CDUS of the uterus 
chronic pelvic pain due to NCS and PCS. (A)-(C) Greyscale US (A), in the axial plane shows prominent flow signals in the left parametrial 
CDUS (B), and SDUS (C) show the am-LRV (arrow) compressed region indicating pelvic congestion (arrows) 

between the AA (a) and SMA (s) and bright-colored flow signals 
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Fi 3 A 62-year-old woman with microscopic hematuria and pro- 
teinuria due to NCS. She also had PCP. (A) CECT image at the level of 
the LRV shows compression of the am-LRV (arrow) between the AA 
(a) and SMA (s). (B, C) CECT images in the coronal plane show regur- 


gitation of the contrast-opacified blood from the LRV into the left 
gonadal vein (arrows) and left parametrial venous plexus (open arrows). 
(D, E) CDUS images of the uterus in the axial plane show prominent 
left parametrial venous plexus (open arrows) 


Illustrations 
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Fig. 1.4 NCS and PC in a 33-year-old woman with microscopic hema- 
turia due to NCS. She also had PCP. (A) Intravenous urogram taken 
15 min after contrast injection shows fine nodular impressions in the 
left renal pelvis (open arrows) indicating peripelvic varicosities. (B)— 
(D) CECT images of the kidney in the early cortical phase show com- 
pression of the am-LRV (arrow) between the AA (a) and SMA (s), left 
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peripelvic varicosities (open arrows), and regurgitation of the contrast- 
opacified blood flow from the LK into the left gonadal veins (arrow- 
heads). (E, F) Left renal venograms show left peripelvic varicosities 
(open arrows), regurgitation into the left gonadal veins, and left pelvic 
congestion (arrows) 
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Fig. 1.5 NCP and PCS in a 59-year-old woman with persistent micro- There are multiple cysts in the LK. (C, D) CECT images in the coronal 
scopic hematuria and chronic pelvic pain (from KIM SH, 2019). (A, B) plane show regurgitation of the contrast-opacified blood into the left 
CECT of the kidneys in the axial plane in early cortical phase show gonadal veins (arrows) and left pelvic congestion (open arrows) 
compression of the am-LRV (arrow) between the AA (a) and SMA (s). 


Illustrations 
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A 21-year-old woman with microscopic hematuria and pro- 
teinuria due to NCS. She also had PCP. (A) Greyscale US of the LRV 
shows dilated h-LRV (h) and compression of the am-LRV (arrow) 
between the AA (a) and SMA (s). (B) CDUS image of the LRV shows 
stagnant flow in the dilated h-LRV (h) and no bright-colored flow sig- 


nals across the am-LRV. (C) CDUS image in the axial plane slightly 
lower to image B shows dilated left gonadal veins (arrows). (D) CDUS 
image of the uterus in the axial plane shows dilated left uterine vessels 
(arrows) indicating pelvic congestion 


1.7 A 65-year-old woman with voiding difficulty probably due to 
NCS. She also had PCP. (A) Greyscale US of the LRV shows dilated 
h-LRV (h) and compression of the am-LRV (arrow) between the AA (a) 
and SMA (s). (B) CDUS image of the LRV shows bright-colored flow 


(arrowheads) across the am-LRV. (C) SDUS of the LRV shows a PFV 
of 125 cm/s. (D) CDUS image of the uterus in the axial plane shows 
dilated left uterine vessels (arrows) indicating pelvic congestion 
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Fig. 1.8 A 63-year-old woman with NCP and PCP. She had voiding SDUS shows a PFV of 145 cm/s. (C) CDUS of the pelvis in the axial 
difficulty probably related to the NCP and PCP. (A) CDUS image of the plane shows pelvic congestion (arrows) in the left pelvic cavity poste- 
LRV shows bright-colored flow in the LRV (arrowhead). a: AA. (B) rior to the urinary bladder (B) 
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2. NCP-Related Disease, Varicocele 
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Fig. 2.1 A 29-year-old man with microscopic hematuria and protein- 
uria due to NCS. He also had left-sided varicocele. (A) Greyscale US 
image of the LRV shows dilated h-LRV (h) and compression of the 
am-LRV (arrow) between the AA (a) and SMA (s). (B) CDUS shows 
bright-colored, high-velocity flows (arrowheads) in the am-LRV area. 
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a: AA. (C) SDUS shows a PFV of 117 cm/s. (D) CDUS of the left 
supratesticular area shows dilated pampiniform plexus (arrows). (E) 
Infrared digital thermography shows elevated temperature in the left 
supratesticular area (arrow) 
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A 30-year-old man with varicocele. This patient did not have high-velocity flows (arrowheads) in the LRV anterior to the AA and 
hematuria or proteinuria. (A) Greyscale US image of the LRV shows RRA. (C) SDUS shows PV of 129 cm/s. (D) CDUS of the left suprates- 
stretching of the LRV over the AA (a). (B) CDUS shows bright-colored, ticular area shows dilated pampiniform plexus (arrows) 
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3. Other Diseases Associated with NCP 


Fig. 3.1 A 17-year-old boy with SMA syndrome and NCP (from num. (B) Sagittal CECT image shows a narrow angle (arrow) formed 
Alenezy A, 2014). (A) Coronal multiplanar reformatted image shows by the SMA and AA. There was very little mesenteric fat. (C) CECT 
pronounced dilatation of the stomach (S) and proximal duodenum (D) scan in the axial plane shows the LRV entrapment (arrow) between the 
with vertical linear compression defect (arrow) in the transverse duode- AA (a) and SMA (s) resulting in dilated h-LRV 
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Fig A 33-year-old woman with gross hematuria. She has autoso- 
mal dominant polycystic kidney disease, NCP, and PCP. (A) Greyscale 
US shows narrowed am-LRV between the AA (a) and SMA (s). The 
RRA (open arrow) also contributes to the LRV compression. (B, C) 
CDUS shows bright-colored, high-velocity flows (arrowheads) and 
SDUS shows a PFV of 186 cm/s. a: AA, s: SMA. (D) Fat-suppressed 
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T2-weighted MRI shows multiple renal cysts and high signal intensity 
of the h-LRV (arrow) indicating stagnant flow. (E, F) Greyscale US (E) 
and CDUS (F) images of the uterus in the axial plane show dilated 
uterine vessels (arrows) in the left pelvic cavity indicating pelvic 
congestion 
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A 54-year-old woman with proteinuria. She had chronic kid- 
ney disease and therefore her diagnosis is NCP, not NCS. (A, B) 
Longitudinal US images of the RK (A) and LK (B) show small kidneys 
(length, RK 8.57 cm, LK 8.40 cm) with increased parenchymal echo- 
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genicity and obliterated corticomedullary contrast. (C, D) Longitudinal 
US images in expiration (C) and inspiration (D) state show markedly 
movable RK (arrows) with respiration. (E) SDUS of the LRV shows a 
PFV of 275 cm/s 


4 A 47-year-old man underwent radical cystectomy and neo- 
bladder formation for urinary bladder cancer. He had persistent micro- 
scopic hematuria and proteinuria on follow-up, which drew attention of 
the urologist for possible tumor recurrence. He did not have a tumor 
recurrence but his hematuria and proteinuria were due to NCS. (A, B) 
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CECT images at the level of the LRV show compression of the am-LRV 
(arrow) and a jetting of the contrast-opacified flow (arrowheads) along 
the nondependent anterior margin of the LRV and IVC. (C) CECT of 
the pelvic cavity shows the neobladder without abnormal findings. (D) 
SDUS of the LRV shows a PFV of 176 cm/s 
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Fig. 3.5 A 77-year-old man with recurrent bladder cancer following flow of the contrast-opacified flow along the nondependent anterior 
radical cystectomy and neobladder formation. This patient also showed margin of the LRV and IVC (arrowheads). (C) CECT image of the pel- 
type-2 NCP findings at CECT. (A, B) CECT images at the level of the vis shows recurrent tumor (arrows) around the neobladder (n) 

LRV shows mild compression of the LRV by the RRA (open arrow) and 
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A 38-year-old man with NCS and fatty liver. Thyroidectomy shows a PFV of 102 cm/s. (C, D) Six months after images A and B. 
was done for thyroid cancer and he lost 6 kg weight in 6 months. (A, B) Liver US (C) shows improved fatty liver but SDUS of the LRV (D) 
Liver US (A) shows findings of fatty liver, and SDUS of the LRV (B) shows aggravated NCP with an increased PFV to 176 cm/s 
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Management of NCS 


In young patients with NCS, symptoms usually improve as 
the patients get older and gain weight because abundant mes- 
enteric fat may protect LRV compression at the aortomesen- 
teric angle and the development of collateral circulation. 
Therefore, reassurance and general supportive care may suf- 
fice in most cases with NCS. 

The sleeping posture is an important factor that may help 
NCS patients. Theoretically, prone posture is the best to min- 
imize LRV compression but usually, it is not easy to sleep in 
prone posture. Sleeping in lateral decubitus posture is better 
than flat supine sleeping in relieving LRV compression. 
Usually, LLD is better than RLD but the opposite is true in 
some patients. Doppler US findings in various postures help 
advise the best sleeping posture for those patients. As was 
discussed in the NCP-related disease chapter (Chap. 14), 
acetylsalicylic acid may be effective in relieving symptoms 
related to the development of fine collateral vessels and 
accompanied inflammatory changes. 

In cases of severe, recurrent, and intractable hematuria or 
left flank pain, however, surgical or interventional stenting 
procedures may be considered although the effectiveness of 
these surgical or interventional treatments is not fully estab- 
lished yet. 


Supplementary Information The online version contains supplementary 
material available at [https://doi.org/10.1007/978-98 1-16-6218-8_15]. 
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In 1974, the first case of surgical treatment was reported 
by Pastershank SP in a patient with NCS who presented with 
hematuria and left flank pain that was aggravated by exer- 
cise. A fibrous tunnel between the AA and SMA was divided 
and the LRV freed and the patient was asymptomatic during 
a follow-up period of 2 years (Scultetus AH 2001; Pastershank 
SP 1974). Venolysis with Gore-tex interposition is another 
technique to protect LRV from external compression and 
now can be done laparoscopically. As was mentioned in the 
postural variations chapter (Chap. 10), the information 
regarding the variation of LRV compression according to the 
posture of the patients may be useful in estimating the degree 
of adhesion and fibrosis around the SMA in the mesenteric 
root. 

The first case of endovascular stent placement was 
reported in 1996 by Nelse and thereafter various stent mate- 
rials were tried. Various surgical techniques have been tried 
for NCS including nephropexy, LRV reimplantation, and 
autotransplantation of the LK. Recurrence of LRV entrap- 
ment may occur after autotransplantation. Still there is no 
evidence that any single surgical or interventional procedure 
is superior to the other techniques and further experience and 
research is needed. 
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Illustrations 


1. Spontaneous Resolution 


Fig. 1.1 A 67-year-old man with microscopic hematuria and protein- SDUS shows a PFV of 164 cm/s. (C, D) Follow-up Doppler US after 1 
uria due to NCS. (A, B) CDUS (A) shows compression of the am-LRV year. CDUS shows less prominent bright-colored flow signals (arrow- 
(arrow) and bright-colored, high-velocity flow signals (arrowheads). head) and SDUS shows a PFV of 89.2 cm/s 
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A 46-year-old man with microscopic hematuria and 
proteinuria due to NCS. This patient was diagnosed with NCS in the 
age 19 (A-F). Recent Doppler US findings were improved (F, G) and 
his microscopic hematuria and proteinuria were also improved. (A) 
CDUS shows compression of the am-LRV (arrow) between AA and 
SMA and slightly dilated h-LRV (h). (B) SDUS shows a PFV of 
151 cm/s. (C, D) CECT images of the kidney show compression of the 


am-LRV (arrow) and a jetting of the contrast-opacified blood (arrow- 
heads) into the IVC. (E) Left renal venogram shows compression of the 
am-LRV (arrow) and paravertebral collateral vessels (arrowheads). (F) 
CDUS shows the space between the AA (a) and SMA (s) is wider than 
that in A. There are subtle bright-colored flow signals (arrowheads) in 
the LRV. (G) SDUS shows a PFV of 107 cm/s which is much lower than 
the PFV of 151 cm/s in B 
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2. Management of NCS with Sleeping 
Posture Change 


A 25-year-old woman with microscopic hematuria, protein- 
uria, and left flank pain due to NCS. (A)-(C) Greyscale US (A), CDUS 
(B), and SDUS (C) of the LRV in the supine posture show compressed 
am-LRV (arrow) between the AA (a) and SMA (s), bright-colored, 
high-velocity blood flow (arrowheads), and a PFV of 214 cm/s. (D)-(F) 
Greyscale US (D), CDUS (E), and SDUS (F) of the LRV in the LLD 
posture show SMA (s) moved to the left side and the LRV compression 
is relieved. The PFV at SDUS was 51.7 cm/s. (G)-(I) Greyscale US 
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(G), CDUS (H), and SDUS (I) of the LRV in the RLD posture show 
SMA (s) moved back to the preaortic location and the LRV is com- 
pressed again with bright-colored, high-velocity flows (arrowheads). 
The PFV at SDUS was 220 cm/s. She used to sleep in RLD and was 
recommended to change the sleeping posture to a left-down semi-prone 
posture with hugging a long pillow. After 1 week of changing the sleep- 
ing posture, her left flank pain disappeared 
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Fig. 2.1 (continued) 


Fig. 2.2 A 69-year-old woman with epigastric pain. (A)-(C) Greyscale 
US (A), CDUS (B), and SDUS (C) of the LRV in the supine posture 
show compressed LRV by RRA (open arrow), bright-colored, high- 
velocity blood flow (arrowheads), and PFV of 193 cm/s. (D)-(F) 
Greyscale US (D), CDUS (E), and SDUS (F) of the LRV in the LLD 
posture show relieved compression of the LRV. The PFV at SDUS was 
84.1 cm/s. (G)-(I) Greyscale US (G), CDUS (H), and SDUS (I) of the 
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LRV in the RLD posture show SMA (s) moved back to the preaortic 
location and LRV is compressed again with bright-colored, high- 
velocity flows (arrowheads). The PFV at SDUS was 125 cm/s. She used 
to sleep in the supine posture, and she was recommended to change the 
sleeping posture to a left-down semi-prone posture with hugging a long 
pillow anteriorly. After 1 week of changing the sleeping posture, her 
epigastric pain disappeared 
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Fig. 2.2 (continued) 
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3. Management of NCS with Acetyl 
Salicylic Acid 
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i A 25-year-old woman with right flank pain probably due to PFV of 160 cm/s. (D) She was treated with acetyl salicylic acid (daily 
NCS. (A) Greyscale US shows LRV compressed by the RRA (open dose 100 mg) for 9 weeks. Follow-up SDUS taken 2 months later shows 
arrow). a: AA, s: SMA. (B) CDUS image shows bright-colored, high- a lowered PFV to 111 cm/s, and her right flank pain also improved 
velocity flow (arrowheads) in the LRV. (C) SDUS of the LRV shows a 
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Fig. 3.2 A 60-year-old woman with microscopic hematuria and left 
lower abdominal pain due to NCS. She was being treated with acetyl 
salicytic acid (daily dose 100 mg) and her left abdominal pain improved. 
(A)-(C) Greyscale US (A), CDUS (B), and SDUS (C) of the LRV in 
the supine posture. Greyscale US shows dilated h-LRV (h) and com- 
pression of the am-LRV (arrow) between the AA (a) and SMA (s). 
CDUS image shows bright-colored, high-velocity blood flow (arrow- 
heads) through the narrowed am-LRV. Note absent flow signals in the 
dilated h-LRV (h) indicating stagnant flow. The PFV at SDUS was 


137 cm/s. (D)-(F) Greyscale US (D), CDUS (E), and SDUS (F) of the 
LRV in the LLD posture. Greyscale US shows SMA (s) moved to the 
left side and much-relived compression of the LRV. CDUS image 
shows no high-velocity flow in the LRV. The PFV at SDUS was 
70.6 cm/s. (G)-(I) Greyscale US (G), CDUS (H), and SDUS (T) of the 
LRV in the RLD posture. The SMA (s) moved back to the preaortic 
location and causes compression of the am-LRV (arrow). CDUS shows 
bright-colored flow (arrowhead) from the am-LRV. The PFV at SDUS 
was 117 cm/s 
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Fig. 3.2 (continued) 


Further Reading 


4. Management of NCS with 
Autotransplantation 
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Fig. 4.1 A 21-year-old woman with gross hematuria due to NCS. (A, 
B) CECT images of the kidneys show compression of the am-LRV 
(arrow) with a jetting of the contrast-opacified blood (arrowheads). (C, 
D) She underwent auto-transplantation of the LK. After initial improve- 
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Asymptomatic Hematuria 


and Proteinuria 


In clinical practice, primary care providers often encounter 
asymptomatic urinary abnormalities in all age groups. This 
is due to the increasing number of people receiving medical 
checkups prompted by improved living standards and a ris- 
ing interest in health. Also, the mandatory medical checkup 
that is provided by the health service systems to all age 
groups allowed the public to easily access information 
regarding their symptoms and signs, leading to an increase in 
people seeking medical advice based on accessed 
information. 

While surveys have shown that the prevalence of hematu- 
ria ranges from <1% in school-age children to 13% in older 
individuals, proteinuria is known to be less common 
(Yamagata et al. 1996). Among patients visiting referral hos- 
pitals, 19.9% of males and 14.9% of females were found to 
have proteinuria. A significant degree of hematuria (>10 
RBCs/HPF) was found in 13.6% of males and 20.0% of 
females (Park et al. 1998). 

Microscopic hematuria or proteinuria may represent 
pathology in the kidneys or urinary tract regardless of their 
severity. The physician should conduct a basic evaluation 
and an investigation to identify the cause and prompt early 
treatment to delay progression or cure the underlying condi- 
tions. Also, physicians must avoid unnecessary patient refer- 
rals and depletion of medical resources while providing 
appropriate advice to patients and refrain from causing 
excessive fear in the patients. 

This chapter briefly describes the incidental findings of 
asymptomatic hematuria and proteinuria, their definition, 
and appropriate approaches. Gross hematuria suggesting 
systemic disease or neoplastic disease in the urinary tract and 
proteinuria at the level of nephrotic syndrome are briefly dis- 
cussed as these are beyond the scope covered in this 
chapter. 
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16.1 Asymptomatic Microscopic 


Hematuria 


Physicians often encounter hematuria that cannot be 
explained by an obvious underlying condition like cystitis or 
urinary tract stone. One-third of those who receive routine 
health screenings are found with hematuria (Topham et al. 
2004; Courtemanche et al. 2019). 

As those who are often the first to recognize the symp- 
toms, primary care physicians should take an evidence-based 
approach in their evaluation, especially in asymptomatic 
cases. The evaluation process used in primary care clinics for 
hematuria, especially for asymptomatic microscopic hema- 
turia, is described hereunder. 


16.1.1 Clinical Evaluation 


Hematuria is defined as the presence of three or more RBCs 
per HPF and can be detected by routine dipstick urinalysis. 

Hematuria on a single dipstick urinalysis is quite common 
and may be caused by menstruation, viral illness, allergy, 
exercise, mild trauma, etc. Therefore, microscopic examina- 
tion of urine is the accepted gold standard for the diagnosis 
of hematuria and should be conducted to confirm a 
diagnosis. 

Hematuria could be transient or persistent. Repeating uri- 
nalysis after a few days will help to determine whether the 
patient’s hematuria is transient or persistent. If hematuria 
persists, the physician should order a full workup. Persistent 
or high-grade hematuria (>3 RBCs/HPF on three urinalyses, 
>50 RBCs/HPF on a single urinalysis, or gross hematuria) is 
associated with significant renal or urologic lesions and is 
found in 9.1% of cases (Cohen and Brown 2003; Mazhari 
and Kimmel 2002). The AUA guideline considers the pres- 
ence of hematuria on a single, properly collected, non- 
contaminated urinalysis without evidence of infection as 
clinically significant microscopic hematuria (Davis et al. 
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2012). Older patients with isolated painless hematuria and 
non-dysmorphic RBCs (vide infra) are more likely to have 
urogenital neoplasms. However, as neoplasms are rare in the 
pediatric population, isolated hematuria in this population is 
more likely to be idiopathic or associated with a congenital 
anomaly (Table 16.1). 


Table 16.1 Causes of isolated microscopic hematuria 


Origin 
Glomerular 


Nonglomerular 
Upper 
urinary tract 


Lower 
urinary tract 


Uncertain 


<40 Years of age 

IgA nephropathy (increased 
incidence in Asians) 

Thin basement membrane 
disease (benign familial 
hematuria) 

Hereditary nephritis 
(Alport’s syndrome) 


Mild focal 
glomerulonephritis of other 
causes 


Nephrolithiasis 
Pyelonephritis 
Polycystic kidney disease 


Medullary sponge kidney 
Hypercalciuria, 
hyperuricosuria, or both, 
without documented stones 
Renal trauma 

Papillary necrosis 

Ureteral stricture and 
hydronephrosis 

Sickle cell trait or disease 
in blacks 

Renal infarction or 
arteriovenous malformation 
Renal tuberculosis in 
endemic areas or in patients 
with HIV infection 
Cystitis, prostatitis, and 
urethsitis 

Benigh bladder and ureteral 
polyps and tumors 

Bladder cancer 

Prostate cancer 


Ureteral and meatal 
strictures 

Schistosoma haematobium 
in North Africans 

Exercise hematuria 
“Benign hematuria” 
(unexplained microscopic 
hematuria) 
Over-anticoagulation 
(usually with warfarin) 
Factitious hematuria 
(usually presents with gross 
hematuria) 


Adapted from Cohen and Brown (2003) 


>40 Years of arge 
IgA nephropathy 


Hereditary nephritis 
(Alport’s syndrome) 


Mild focal 
glomerulonephritis of 
other causes 


Nephrolithiasis 
Renal-cell cancer 
Polycystic kidney 
disease 

Pyelonephritis 
Renal-pelvis or ureteral 
transitional-cell cancer 


Papillary necrosis 
Renal infarction 
Ureteral stricture and 
hydronephrosis 
Renal tuberculosis 


Cystitis, prostatitis, and 
urethritis 
Bladder cancer 


Prostate cancer 
Benign bladder and 
uretetal polyps and 
tumors 


Exercise hematuria 
Over-anticoagulation 
(usually with wafarin) 
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16.1.2 Types of Hematuria 


Hematuria can be classified into three types: gross hematu- 
ria, microscopic hematuria, and dipstick hematuria. 

Gross hematuria produces visibly pink, red, or cola- 
colored urine. Even | mL of blood can turn the urine pink or 
to other bright colors. Gross hematuria by itself does not usu- 
ally cause pain, however, pain may occur when blood clots 
pass the urethra. 

The physician may rule out intrinsic renal pathology for 
gross hematuria with the passage of clots. Blood clots are 
indicative of heavy focal bleeding in which blood in amounts 
sufficient for clot formation is leaked into the urine. The 
presence of urokinase and tissue-type plasminogen activa- 
tors in the glomeruli and the tubule prevents blood from clot- 
ting (Sappino et al. 1991). 

In microscopic hematuria, the blood in the urine is only 
visible through microscopic examination. It is often an inci- 
dental finding that is discovered during urinalysis prompted 
by urinary or other symptoms. 

When the urine test strip reagent oxidizes and the color 
changes, this is called dipstick hematuria. Dipstick hematu- 
ria by itself does not confirm that blood cells are present in 
the urine. False-negative results may occur with the presence 
of myoglobin, formalin, or a high concentration of ascorbic 
acid. False-positive results may also occur due to alkaline 
urine (pH > 9) or oxidizing agents. As false-negative results 
are rare compared to false-positive results, a negative result 
reliably excludes abnormal hematuria. A dipstick test can 
detect 5-10 intact RBCs/mL, which roughly corresponds to 
about 3-5 RBC/HPF findings on a microscopic examination 
(Sharp et al. 2013). 

The classification of hematuria above is arbitrary and 
based solely on the degree. In any condition in which micro- 
scopic hematuria may occur, gross hematuria may also 
appear and vice versa. 


16.1.3 Causes of Hematuria 


Hematuria is a symptom, not a disease. It can occur with sys- 
temic diseases, intrinsic diseases of the urogenital organs, or 
diseases localized in other parts of the body. The physician 
should request the patients’ full medical history and order a 
thorough physical examination and laboratory tests for patients 
with confirmed microscopic hematuria (Sharp et al. 2013). 

Causes for only a small percentage of patients with con- 
firmed asymptomatic microscopic hematuria are identified. 
This includes urinary tract infection (4-22%), BPH (10- 
13%), medical renal disease (2—3%), urinary calculi (4-5%), 
urethral stricture disease (<1%), and urologic malignancy 
(2-4%). However, the cause for 43-68% of the hematuria 
cases remains unknown despite the considerable clinical 
effort (Khadra et al. 2000). 


16.1 Asymptomatic Microscopic Hematuria 


The underlying cause of hematuria varies greatly by age. 
Infection and medical renal diseases are common causes in 
patients aged below 40 years. Patients aged above 40 years 
are more frequently diagnosed with a neoplasm and there- 
fore require special consideration (Table 16.1). 

Patients with asymptomatic microscopic hematuria who 
take anticoagulants are required to receive urologic and 
nephrological evaluation regardless of the type or level of 
anticoagulant therapy they receive. Potential dangerous uro- 
logical conditions were found between 17% and 82% of the 
patients taking anticoagulants (Mladenov et al. 2015). 

Hematuria with urinary tract infection—Isolated pyuria 
is uncommon as inflammatory reactions in the kidney or col- 
lecting system are usually associated with hematuria. 

The presence of bacteria in urine indicates bacterial 
infection, and WBC casts with bacteria are considered a 
strong indicator of pyelonephritis. In such patients, a urine 
culture should be obtained to exclude local infection. Acute 
cystitis or urethritis can also cause microscopic or gross 
hematuria in women. After adequate antibiotics treatment, 
microscopic urinalysis should be repeated in 6 weeks to 
assess whether the hematuria has resolved (Sharp et al. 
2013; Rao and Jones 2008). 

Hematuria with BPH—The prevalence rate of hematuria 
in the general population ranges from 2.5% to 13% and is 
around 11% for men (Ritchie et al. 1986; Britton et al. 1989; 
Kafor et al. 2019). In men, vascular enlargement of the pros- 
tate and mechanical pressure on the urethra are common 
causes of gross or microscopic hematuria. 

In the absence of a history suggesting non-BPH causes of 
LUTS, the presence of storage and voiding symptoms is used 
for the presumptive diagnosis of BPH. In addition, men with 
refractory urinary retention, recurrent urinary tract infec- 
tions, recurrent bladder stones or gross hematuria, rising 
post-void residual urine volume, and bilateral hydronephro- 
sis with renal functional impairment should be referred to a 
urologist (Perazella 2021). 

Hematuria with urinary tract calculi—A_ stone that 
forms in a patient’s urinary tract and results in tissue dam- 
age can allow RBCs to leak into the urine. Gross or micro- 
scopic hematuria occurs in up to 95% of the patients 
presenting with symptomatic nephrolithiasis (Kobayashi 
et al. 2003). Other than stone or gravel visualization, hema- 
turia is the most discriminating predictor of a kidney stone 
in patients presenting with unilateral flank pain. However, 
this does not mean that the absence of hematuria in the 
acute flank pain setting excludes the presence of nephroli- 
thiasis (Bove et al. 1999). 

For most adults, low-dose radiation CT of the abdomen 
and pelvis without contrast is the preferred method of exami- 
nation. Although US has a lower sensitivity than CT, it can 
also reliably detect hydronephrosis. Also, radiography can 
be used to measure stone size and location. 
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Although the location of the stone is also important, the 
size of the stone is the most important predictor of spontane- 
ous stone passage. Most stones <5 mm in diameter pass 
spontaneously. The spontaneous passage rate decreases pro- 
gressively for stones >5 mm in diameter, and passage is 
unlikely for stones >10 mm in diameter. 

Hematuria with urologic malignancy—Cystoscopy 1s rec- 
ommended in all patients with asymptomatic microscopic 
hematuria who are present with risk factors for malignancy, 
regardless of age. The most common risk factors for urinary 
tract malignancy include gender (male), >35 years of age, 
former or current smoker, occupational or other exposure to 
chemicals or dyes, and analgesic abuse in addition to a his- 
tory of gross hematuria, urologic disorder or disease, irrita- 
tive voiding symptoms, pelvic irradiation, chronic urinary 
tract infection, exposure to known carcinogenic agents, or 
chemotherapy, such as alkylating agents, and a chronic 
indwelling foreign body (Grossfeld et al. 2001). 

Cystoscopy can be used to identify urethral stricture dis- 
ease, BPH, and bladder masses. For patients under 35 years 
of age, whether to perform a cystoscopy is at the urologist’s 
discretion, as the probability of urinary tract malignancy is 
low in that patient population. Voided urine cytology is less 
sensitive than cystoscopy in detecting bladder cancer, and 
the AUA guideline no longer recommends it as part of a rou- 
tine evaluation of microscopic hematuria. However, it still 
may be useful in patients with risk factors for carcinoma in 
situ (Grossfeld et al. 2001). New, rapid urinary assays are 
also available for detecting bladder cancer such as nuclear 
matrix protein 22 test, bladder tumor antigen stat test, uri- 
nary bladder cancer antigen, and fluorescence in situ hybrid- 
ization. However, its utility in the primary care clinic setting 
has not been confirmed yet (Ecke et al. 2018). 

Hematuria with medical renal disease—Microscopic 
hematuria is a common symptom of glomerulonephritis, an 
inflammation of the kidneys’ filtering system. Glomerular 
hematuria may be a result of structural disruption of the glo- 
merular basement membrane caused by inflammatory or 
immunologic processes (Feld et al. 1993). 

Morphologic study of urinary RBCs, particularly with 
dysmorphic RBCs, may help distinguish glomerular from 
non-glomerular bleeding (Fig. 16.2). RBCs are typically uni- 
form and round with extrarenal bleeding and have a dysmor- 
phic appearance with renal lesions. Blebs, budding, and 
segmental loss of membrane are shown in dysmorphic RBCs, 
and RBCs have an irregular shape and the size is reduced 
(Fig. 16.1). The presence of more than 30% dysmorphic 
RBCs or more than 5% of a specific type of RBC, the 
acanthocyte, may highly suggest hematuria of a glomerular 
origin. These changes may be a result of mechanical trauma 
as the cells pass through the glomerular basement membrane 
and the cells’ pH and osmolarity change as they flow through 
the nephron (Rath et al. 1992). 
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Fig. 16.1 Non-glomerular hematuria demonstrates urinary RBCs with a uniform, normal size, and shape (left panel). Blebs, budding, and seg- 
mental loss of membrane are shown in dysmorphic RBCs, and RBCs have an irregular shape the size is reduced (right panel) 


Hematuria with dysmorphic RBCs, RBC casts, and pro- 
tein excretion of >500 mg/day are virtual indicators of renal 
etiologies such as IgA nephropathy, Alport syndrome, benign 
familial hematuria (thin basement membrane disease), mild 
focal glomerulonephritis of another cause, or another 
nephropathy. WBCs and/or WBC casts may also be seen in 
acute glomerulonephritis as well as in tubulointerstitial pro- 
cesses such as interstitial nephritis and transplant rejection. 

IgA nephropathy and hereditary nephritis can also lead to 
episodic gross hematuria. A family history of renal failure is 
often present in hereditary nephritis, and patients with thin 
basement membrane disease often have family members 
with microscopic hematuria. Glomerulonephritis may be 
part of a systemic disease like diabetes or may also occur on 
its own. Viral or streptococcal infections, vasculitis, and 
immune problems which affect the small capillaries that fil- 
ter blood in the kidneys (glomeruli) can trigger glomerulone- 
phritis. A renal biopsy is necessary for a definitive diagnosis 
of these disorders. 

Hematuria in NCS—NCS refers to the compression of 
the LRV between the aorta and proximal SMA. It can cause 
both microscopic and gross hematuria, primarily in chil- 


dren (but also adults) in Asia (KIM 2019; Ananthan et al. 
2017). In severe cases, left varicocele in men, and PCS in 
women may develop (Venkatachalam et al. 2011; Marone 
et al. 2011). 

Hematuria is the most reported symptom and is attributed 
to the increased venous pressure into the LRV, which rup- 
tures the septa between the venules and the collection system 
in the renal parenchyma (Grossfeld et al. 2001; Mahmood 
et al. 2013; Trambert et al. 1990). In several case reports, an 
elevated gradient >3 mmHg between the LRV and IVC has 
been used as a diagnostic criterion for the NCP. But the rela- 
tionship between the increased pressure gradient and clinical 
hematuria has not been studied in detail. Although hematuria 
is usually asymptomatic, hematuria with NCS can be accom- 
panied by left flank pain. NCS can also cause orthostatic pro- 
teinuria (Mahmood et al. 2013). 

Unexplained or other benign causes of hematuria—Most 
patients with transient hematuria are not identified with an 
obvious etiology. It may be a result of fever, infection, viral 
illness, menstruation, vigorous exercise, trauma, or recent 
urologic procedures (e.g., catheterization), and does not 
require a full diagnostic workup. However, despite the typi- 
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cally benign nature of transient hematuria, an important 
exception occurs in patients over 40 years. In these patients, 
even transient hematuria carries an increased risk of malig- 
nancy (Grossfeld et al. 2001). 

Mild glomerulopathy and a predisposition to stone dis- 
ease may be the causes of persistent isolated hematuria. 
Hypercalciuria, a non-glomerular cause of hematuria, can be 
associated with dysmorphic RBCs, but not red cell casts. 
Hyperuricosuria is also a risk factor for unexplained isolated 
hematuria in both children and adults. 35% of children with 
apparent idiopathic hematuria have hypercalciuria, while 


Fig. 16.2 Algorithm for 
persistent hematuria 
evaluation (Adapted from 
Cohen and Brown 2003; 
Mazhari and Kimmel 2002) 
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5-20% of children with recurrent hematuria have hyperuri- 
cosuria. Both disorders are often associated with a positive 
family history of stone disease and these children are at 
increased risk for the future development of kidney stones 
(Stapleton 1990; Cattini et al. 1997). 

Rare causes of hematuria include hereditary hemorrhagic 
telangiectasis, radiation cystitis schistosomiasis, arteriove- 
nous malformations and fistulas, NCS, and loin pain- 
hematuria syndrome. 

The evaluation process of patients with persistent hema- 
turia is outlined in brief (Fig. 16.2). 


Urine dipstick test 
positive for microscopic 
heme 


Workup ends (unless 
there are risk factors 
for bladder cancer) 


Repeated urine 
dipstick testing 
(several days later) 


Evaluation for 
hemoglobinuria or 
myoglobinuria 


Microscopic 
examination of urine 


Acanthocytes or Isomorphic 
red-cell casts red cells 
[| Referral 
Glomerula Non-glomerular based on 
hematuria hematuria lesion 
Isolated | Proteinüria ör Helical CT Cystoscopy 
REE renal insufficienc 
hematuria y | 
Cytologic 
Periodic medical Nephrology analysis of 
follow-up(for on referral urine(3 serial 
set of proteinuria first morning 
or renal specimens) 
insufficiency) 


<50Yr of age or 
without risk factors 
for bladder cancer 


> 50Yr of age or risk 
factors for bladder 
cancer 


Cystoscopy Workup ends 
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16.2 Asymptomatic Proteinuria 


Proteinuria is a common laboratory finding during both out- 
patient and inpatient care. It may reflect a benign condition 
or significant renal functional disorders or structural abnor- 
malities (Ariceta 2011; Mazaheri and Assadi 2019). The 
patient’s medical history should be obtained, and a careful 
physical examination should be conducted before perform- 
ing an appropriate workup to evaluate proteinuria. 

In healthy individuals, only trace amounts of protein are 
found in the urine as the kidney filters the waste products 
from the blood. However, when a large amount of protein 
escapes through the glomerulus for some reason and leaks 
into the urine, this is called proteinuria. When protein levels 
in the urine increase, the urine may appear foamy. However, 
foamy urine by itself cannot confirm the diagnosis of pro- 
teinuria and it may be found in various situations (see Foamy 
Urine below). Proteinuria should be confirmed with a formal 
urinalysis and protein quantitation. 

Normal urine may contain some level of protein. 
Therefore, a urine protein excretion of 500 mg/day or more 
for adults is defined as apparent proteinuria. In children, uri- 
nary protein excretion of more than 100 mg/m7/day or 4 mg/ 
m/h is considered abnormal. Nephrotic range proteinuria 
(heavy proteinuria) is defined as urinary protein excretion of 
>1000 mg/m?/day or 40 mg/m’/h (Boyer 2021). Protein 
excretion of less than the defined amount (30-300 mg/day) 
used to be called microalbuminuria, however, KDIGO cur- 
rently recommends against using such term (KDIGO 2013). 

Proteinuria can be transient or persistent. Proteinuria may 
not accompany hematuria or renal function reduction. This is 
called isolated proteinuria. Isolated proteinuria is usually 
asymptomatic, and the protein excretion is non-nephrotic. 

In functional proteinuria, low-level proteinuria is found 
intermittently without any serious disease in the kidney. 
Functional proteinuria commonly occurs from strenuous 
exercise, fever, or infection and is probably mediated by glo- 
merular hemodynamic changes (Bellinghieri et al. 2008). It 
does not require investigation on itself as it does not leave 
special problems in the kidney function over an extended 
period. Orthostatic proteinuria is sometimes categorized as 
functional proteinuria. Also known as postural proteinuria, 
orthostatic proteinuria is a benign condition characterized by 
proteinuria only in the upright position. In this case, while 
the urine test of the first-morning void after the patient has 
been recumbent overnight shows normal protein excretion, 
an abnormally large amount of proteinuria can be found in 
the samples collected later in the day. Orthostatic proteinuria 
affects approximately 2-5% of adolescents and usually 
occurs in tall, thin adolescents or adults who are younger 
than 30 years. Orthostatic proteinuria is not associated with 
hematuria, the GFR is preserved, and the prognosis is uni- 
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formly good. These patients do not need to be further inves- 
tigated for renal disease (Springberg et al. 1982). 

Pathophysiology of orthostatic proteinuria is not clearly 
defined. Exaggerated response of renin and angiotensin II in 
an upright position may result in renal afferent vasoconstric- 
tion and proteinuria. Local effect of angiotensin II also 
results in free oxygen radicals, cytokines, leukotrienes, and 
metalloproteins with subsequent proteinuria. Other theories 
include activation of the complement cascade, subtle immu- 
nological damage to the basement membrane, and NCS 
(Springberg et al. 1982; Devarajan 1993). Most patients with 
benign causes of proteinuria excrete less than 2 g of protein 
per day. 

Proteinuria other than transient and functional proteinuria 
may suggest a serious disease in the kidney. In such cases, 
various symptoms may appear in addition to abnormalities 
found in the urine sediment, renal function, and radiologic 
imaging studies. There are four basic types of proteinuria in 
addition to transient functional proteinuria (Table 16.2). 

Glomerular proteinuria—Glomerular proteinuria is 
caused by increased filtration of molecules with large molec- 
ular weight (such as albumin) across the filtration barrier of 
the glomerulus. Glomerular proteinuria is a reliable indicator 
of glomerular disease. Patients with proteinuria with a 
nephrotic syndrome where an adult excretes protein of 3.5 g/ 
day or more, maybe accompanied by heavy proteinuria and 
hypoproteinemia (especially hypoalbuminemia), edema, and 
hyperlipidemia. Glomerular proteinuria, occasionally in the 
nephrotic range, is often observed in the following situations 
(Table 16.3). 

Type 1 and type 2 diabetic patients may suffer from dia- 
betic glomerulosclerosis (nephropathy) in 40% during their 
lifetime. Patients showing persistent albuminuria and/or 
decreased GFR in the absence of other renal diseases are 
diagnosed with diabetic nephropathy. This includes various 


Table 16.2 Types of proteinuria 


Typical level of 

Type of proteinuria in 
proteinuria Clinical setting adults 
Glomerular Glomerulopathy Often nephrotic 
proteinuria range, persistent 

Diabetic nephropathy 

Hypertensive nephrosclerosis 
Tubulointerstitial | Tubulointerstitial disease due <3 g/day, 
proteinuria to drugs, heavy metal, persistent 

autoimmune disease and 

other causes 
Overflow Myeloma, monoclonal Variable 
proteinuria gammopathy, hemolysis, 

rhabdomyolysis 
Post-renal Urinary tract infections, <1 g/day 
proteinuria stone, or tumors 


Adapted from Rose (1987) 
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Table 16.3 Proteinuria secondary to medical renal disease 


Minimal change nephrotic syndrome 

Focal segmental glomerulosclerosis (FSGS) 
Acute postinfectious glomerulonephritis 
Membranoproliferative glomerulonephritis 
Membranous glomerulonephritis 

Lupus nephritis 

Henoch-Schénlein purpura (HSP) 

Human immunodeficiency virus (HIV)-associated nephropathy 
Hemolytic uremic syndrome 

Vasculitis 

Chronic interstitial nephritis 


Adapted from Mazaheri and Assadi (2019) 


degrees of severity from subclinical albuminuria to end-stage 
renal disease. Diabetic patients must receive routine, peri- 
odic testing as asymptomatic patients in their early stages 
may miss the diagnosis (Gross et al. 2005). In severe cases, 
albuminuria levels can be above the nephrotic syndrome 
threshold of 3.5 g per 24 h. 

Tubular proteinuria—Low-molecular-weight proteins, 
such as beta2-microglobulin, immunoglobulin light chains, 
retinol-binding protein, and polypeptides derived from the 
breakdown of albumin, are generally below 25,000 Da, com- 
pared to albumin which has a molecular weight of 69,000 Da. 
Under normal conditions, these proteins can pass through the 
glomerulus and are completely reabsorbed in the proximal 
tubules (D’ Amico and Bazzi 2003). 

Tubular proteinuria is often not clinically diagnosed since 
a dipstick urinalysis cannot fully detect the small amount of 
proteins other than albumin. Although albumin can be a sig- 
nificant component, most tubular proteinuria cases show a 
protein level of <60,000 Da, and the amount of proteinuria is 
usually <2 g/day. Excretion of these smaller proteins may 
increase due to interference in proximal tubular reabsorption 
caused by various tubulointerstitial diseases or even some 
primary glomerular diseases including interstitial nephritis, 
cryoglobulinemia, Sjögren’s syndrome as well as certain 
analgesics and immunosuppressive agents (Mount 2018). 

Tubular proteinuria is often associated with other proxi- 
mal tubular function defects, including glycosuria, proximal 
renal tubular acidosis with bicarbonate wasting, and phos- 
phaturia. In Fanconi’s syndrome, all of the proximal tubular 
defects above occur (Boyer 2021). 

Overflow proteinuria—Overflow proteinuria occurs when 
the excretion of low-molecular-weight proteins increases 
due to the marked overproduction of a particular protein 
exceeding the reabsorption capacity of the proximal tubules. 
In nearly all cases, this is due to immunoglobulin light chains 
produced in multiple myeloma. Patients with myeloma kid- 
ney may also develop a component of tubular proteinuria 
since the excreted light chains can be toxic to the tubules and 
cause acute kidney injury. 
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Other causes may include lysozyme (in acute myelo- 
monocytic leukemia), myoglobin (in rhabdomyolysis), or 
free hemoglobin (in intravascular hemolysis) that is not 
bound to haptoglobin. In these settings, the filtered load of 
the proteins is increased to a level that overwhelms the nor- 
mal proximal capacity for reabsorption (Boyer and Robin 
2021). As with tubular proteinuria, overflow proteinuria with 
low molecular proteins is not detected with screening dip- 
stick urinalysis. 

Post-renal proteinuria—Post-renal proteinuria occurs 
with the inflammation of the urinary tract through infection, 
nephrolithiasis, and tumors of urinary tract. This can cause 
urinary protein excretion to increase, although its mecha- 
nism is unclear. Only small amounts of the proteins are 
excreted and are often non-albumin (often IgA or IgG). Post- 
renal proteinuria is frequently accompanied by leukocyturia. 
Post-renal proteinuria is usually resolved when the underly- 
ing condition has been resolved (Boyer and Robin 2021). 


16.2.1 Laboratory Workup for Proteinuria 


Evaluation of proteinuria should begin with a urine micro- 
scopic examination and be determined through the 
PER. Although PER had been traditionally measured with 
24-h urine, its collection is often cumbersome, and the 
KDIGO guidelines state that there is insufficient data to rec- 
ommend the method—whether it is 24-h urine or spot 
urine—in testing PER (KDIGO 2013). 

Spot urine PCR, expressed in g/g or mg/mg, has become 
a simple and attractive yet reliable alternative. The PCR 
compares urinary protein concentration with urinary creati- 
nine concentration, and urinary dilution or concentration 
does not influence this value. A spot urine PCR has been 
found to have a significant linear correlation with a 24-h 
urine PCR (KDIGO 2013). 


16.2.2 Algorithm for Proteinuria Evaluation 


Asymptomatic isolated proteinuria with no evident diagnosis 
tends to run a benign course, although its presence may indi- 
cate serious renal disease. 

In a mass screening study on isolated proteinuria, 7.9% 
had orthostatic proteinuria, 2.2% had chronic renal insuffi- 
ciency at the outset, and 4.5% had various other conditions 
including diabetic nephropathy and polycystic kidney dis- 
ease. The rest of the patients were not diagnosed at presenta- 
tion. Proteinuria was resolved in 25% of the remaining 
patients. Although most remained stable, 10% subsequently 
developed deterioration of renal function over a mean fol- 
low-up period of 8 years (Yamagata et al. 1996). 
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Evaluation of clinical and subclinical proteinuria must be 
simple and practical. In the absence of a proper diagnosis, 
the following algorithm may be of help for laboratory and 
radiologic investigation and be used as a reference (Fig. 16.3). 

Foamy urine or incidental findings of proteinuria dur- 
ing medical checkups need to be confirmed with a urine 
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dipstick test. When proteinuria is confirmed, a quantita- 
tive test should be conducted to measure the level of pro- 
tein. In identifying the cause, different methods of 
approach are taken according to each patient’s level of 
proteinuria. These separate approaches are described in 
Fig. 16.3. 


Fig. 16.3 Simple algorithm 
for proteinuria evaluation 
(Adapted from Boyer and 


History, physical exam, 
urinalysis with sediment examination 


Robin 2021) 


Normal 


Abnormal 
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proteinuria test positive? 


Manage according 
to diagnosis; 
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Orthostatic 
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No 
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No 
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Evaluate for glomerular 
disease-kidney biopsy 


No 


Monoclonal 
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References 


For a urine PCR of 30-300 mg/g, the physicians may con- 
sider early diabetes, hypertensive renal involvement, and 
early stage of various glomerulopathy as a cause. In addition 
to the conditions described above, urine PCR of 300- 
3500 mg/g and renal involvement of systemic disease may 
be considered through a microscopic urine test. Myeloma- 
associated kidney disease should also be considered, and 
severe cases of functional proteinuria may also show high 
levels of proteinuria. Nephrotic syndromes with a urine PCR 
of over 3500 mg/g may require a kidney biopsy for its proper 
diagnosis, treatment, and follow-up. 


16.3 Foamy Urine 


People frequently discover and worry over their foamy 
urine. However, a single layer of bubbles that soon disap- 
pears is normal, especially if it only happens now and then. 
Foamy urine is defined as the presence of small to medium 
bubble layers in voided urine (Ecke et al. 2018). Physicians 
generally consider the cause of foamy urine to be protein- 
uria. When this is not the case, many physicians consider 
the foamy urine clinically insignificant and that it does not 
require further testing. As about one-third of patients who 
report foamy urine are found to have abnormal proteinuria, 
most cases of foamy urine remain unexplained (Khitan 
et al. 2019). 

Any surfactant substance in urine can make the urine 
foamy, as it diffuses in water and adsorbs at the interface 
between air and water, where the insoluble hydrophobic 
ends aggregate to form a bubble (Khitan et al. 2019). Pain 
killers, NSAIDs in particular, can cause patients to have 
high levels of protein in the urine. Various proteins includ- 
ing albumin or polypeptide, free amino acids, phospho- 
lipid derived from destroyed tissues, and bile salt may act 
as a surfactant in urine and make the patients’ urine 
foamy. 

Routine urinalysis using dipsticks can miss overflow free 
light chain proteinuria, in which a urinary protein to creati- 
nine ratio is recommended. Urinary albumin to creatinine 
ratio would be insufficient in this case. 

Patients with retrograde ejaculation for any reason (diabe- 
tes, spinal cord injury, multiple sclerosis, or benign prostate 
enlargement, among others), and urinary tract infection can 
experience foamy urine. Investigation on accompanying dis- 
eases or lower urinary tract symptoms could help to reveal 
the cause of foamy urine. Urine can also look bubbly in nor- 
mal circumstances when a person has a full bladder and a 
strong urine stream. In dehydration, the urine may appear 
foamy because it is more concentrated. Also, cleaning prod- 
ucts used in the toilet bowl can act as a surfactant and make 
the urine appear as if there are bubbles (Khitan et al. 2019; 
Bradley 2021). 
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